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Washington County, Missouri contains a limited number of' 
outcrops of pre-Cambrian igneous rocks, the majority of which 
are in the extreme southern part of the county •. The known · 
association of lead ore with buried or partially buried pre-
Cambrian igneous knobs and ridges in this part of' Missouri has 
led the st. Joseph Lead Company to prospect in areas known to 
contain these features. In its exploration program, the st. 
Joseph Lead Company has drilled a number of prospect holes which 
have encountered other occurrences of' pre-Cambrian igneous rocks 
within the limits of' Washington County. This drilling, correlated 
with magnetic and geologic maps, has expanded our knowledge of' 
the distribution of' igneous rocks in Washington County. 
The purpose of' the prese_nt investigation was to identify 
as completely as possible the igneous _ rock types .which occur 
in Washington County, to seek relationships between them in 
regard to position and origin, to delineate the topography of' 
the pre-Cambrian surf'ace, to study the ef'fect of' both primary 
and secondary mineralization upon the igneous rocks, and to 
determine the relationship be~ween the occurrence of' the igneous 
rocks and the minerali.zati.on, particu1arly the re1ationship of 
magnetite m:l.nera1i.zat:l.on to the igneous rock types as revealed 
by direct observation and by magnetic anomalies. 
... ,'J'' .• .i. 
The Area 2 
The area studied includes all of Washington County, Missouri, 
and small portions of adjacent counties into which the igneous 
rocks of Washington County extend, as shown in Figure 1. 
I I t . t-
. 
1 ·--r - - 4 
Figure 1. Washington County and Surrounding Area 
'• 
--+----"l'"-+---t -~ I 
' . •. . i.~ 
- • -· ~ _-M. ."·:~ J 
Previous Work 
· The first discussion on the igneous rocks of Missouri was 
written by Haworth, E. A., Crystalline Rock oC Missouri, 
Missouri Geological Survey, Vol. VIII, 1894, and discusses in 
general all oC the igneous rocks in the southeastern portion 
of Missouri. 
The next general work encompasses in part the area in 
discussion. It was written by Dake, c. L., The Geology oC the 
Potosi and Edgehill Quadrangles, Vol. XXIII, in 1930, Missouri 
Bureau of Geology and Mines, Rolla, Missouri, with the petro-
graphy written by Dr. G. A. Muilenburg. Dr. Muilenburg 1 s des-
criptions are of great value for the limited outcrops in the 
southern extremity of the county. 
· Recent work by Robertson, E., describes closely adjoining 
area of West Fredericktown as. an M. s. for Washingt~n University 
in 1940. This contains detailed petrographic descriptions of 
similar rocks. 
Sticke1, A. M., in 1949 further describes the Bonneterre 
igneous area as a Washington University thesis. His descrip-
tions and maps of the igneous area have been scrutinized closely 
and, for· the major part, accepted. 
4 
Work Done 
This study consisted of studying and sampling the exposures 
of pre-Cambrian igneous rocks in Washington County and studying 
and sampling a11 drill cores in storage at the st. Joseph Lead 
Company~s warehouse which included pre-Cambrian igneous rocks 
of Washington County and adjacent areas. One hundred twenty-
five samples representative of the igneous rock types of the area 
were selected for microscopic study. Thin sections were made by 
w. Harold Tomlinson at the expense of the st. Joseph Lead Company. 
These were examined during 1954 and 1955. The rocks were des-
cribed in detail and photomicrographs were prepared to show their 
characteristic textures, mineral content, and unusual features. 
Some age relationships of rock types to one another have been 
established and maps were prepared to show the distribution of 
major rock types and their relationships to each other and to · 
magnetic anomalies. 
A map of the present pre-Cambrian topography on a sea level 
datum plane, with faulting shown, was drawn. 
Another map was prepared to eliminate the effects of fault-
ing and give a picture of the pre-Cambrian surface at the time · 
the first Paleozoic sediments were dep.osited. This map was pre-
pared using the Davis-Bonneterre contact as a datum and arbitrarily 
assigning it an elevation of 1,000 feet above sea level so that 
a11 data recorded would be positive. 
5 
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The exposed rocks of Washington County area are mainly 
nearly horizontal sediments of Upper Cambrian and Lower Ordovi-
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Detailed descriptions of the sedimentary units depicted in 
the previous column can be found in .!2.2 Geolo;r .2! ~ Potosi-
Edgehill Quadrangle~ by c. L. Dake. 1 
1 Dake, c. L., The Geology of the Potosi and Edgehill Quadrangles: 
Missouri Bur. Geology and Mines, 2nd Ser., Vol. 23, 1930. 
There are two main fault systems within the area, the 
Shirley and the Pa1mer. The latter, with a throw of 400 to 1,200 
feet, has lifted the pre-Cambrian basement sufficiently on the 
south to permit its exposure by erosion over a considerable area 
along the southern boundary oC the county. 
Pre-Cambrian igneous masses are exposed in several other 
areas in the county, or near its borders, where hills, or knobs 
as they are often called, have been exposed by erosion. There 
are also many other and often higher knobs which are still buried 
but extend into the sediments. These seldom pierce the entire 
Bonneterre formation which is 275 to 400 feet thick in Washington 
County. 
The sedimentary formations thin out as they overlap the 
knobs and exhibit a periperal initial dip, as has been described 
by Dake and Bridge. 2 
Bridge, Josiah, The Geology of the Eminence and Cardareva 
Quadrangles Missouri Bur. Geo1ogy and Mines, 2nd Ser., Vol. 
24, 1930. 
Little Pi1ot Knob and the three associated igneous knobs 
in T. 38 N., R. 1 w, rise well above the surrounding country. On 
the outcrop they are £lanked by Roubidoux and Gasconade sediments. 
8 
A hole drilled just north of one oC these knobs penetrated 1,400 
feet of sediment and confirmed the slope of the knobs beneath the 
overlying sediments. 
The pre-Cambrian knobs in the vicinity of Caledonia, Belgrade, 
and Sunlight, are flanked by Davis, Bonneterre and Lamotte sedi-
men ts. These are also steep sided but possess less relief than 
the northern knobs. 
The igneous exposures in the vicinity of Bismarck, Irondale, 
and Flat River are worn, dissected remnants of what was once 
a rugged pre-Cambrian surface. Below the mantle of sediments, 
the slopes are steeper than on the exposed portion of the knob. 
9 
Pre-Cambrian Sur£ace 
Two maps were prepared to show the nature of the pre-
Cambrian topography. They are placed in the back of this report. 
Map No. 1 shows the pr~-Cambrian surface as it is at present 
after faulting, movement, and erosion since pre-Cambrian times. 
~ap No. 2 is a reconstruction of the pre-Cambrian surface as it 
was in early Cambrian time before it was buried by sediments. 
The preparation of these maps presented several problems 
due to the fact that drill holes penetrated the pre-Cambrian 
rocks only in scattered areas, generally where pre-Cambrian 
peaks extended into the Bonneterre or higher strata. Therefore, 
the position of the pre-Cambrian surface in a large part of the 
area must be inferred from the attitude of known overlying hori-
zons. The great majority of the drill holes stop in the upper 
part of the Lamotte sandstone, and the Lamotte is a unit of 
extremely variable thickness, ranging from Oto 450 feet. It 
is also a unit of variable composition. In some areas thin do1o-
mite beds are present well down into the Lamotte horizon and may 
be present throughout its thickness. Moreover, the lower por-
tion of the Bonneterre dolomite is transitional to the Lamotte 
~ith the transition zone several feet to 100 feet in thickness. 
tt can be seen from this that to establish a predetermined thick-
1ess for the Lamotte or to use its upper surface as a datum plane 
ln contouring the igneous basement is not practical • 
. The datum plane chosen for estimating the top of the pre-
:ambrian igneous surface, where holes did not reach it, was the 
10 
Bonneterre-Davis contact. This is a well-defined horizon and is 
logged in all holes where present. In a general way, _its surface 
ref'l·ects, to a reduced degree, the highs and lows in the igneous 
basement if' the ef'Cect of' faulting is taken into consideration. 
More particularly, the thickness of' sediments :from the top of' 
the Bonneterre to the igneous basement indicates .the underlying 
basin and ridge pattern. 
Map No. 1 was developed f'rom known elevations of' the pre-
Cambrian surface as determined from surface elevations and f'rom 
drill hole data. The map was extended into surrounding areas by 
estimating the elevation of' the pre-Cambrian surface f'rom the 
known elevation of' a well-defined horizon and an estimated thick-
ness of' the strata between it and the pre-Cambrian surface. 
Map No. 2 was drawn by assuming an elevation of' 1,000 :feet 
:for the top of' the Bonneterre and arriving at an elevation :for 
the igneous surface by deducting the thickness of' sediments 
below this datum plane :from the assumed elevation. This is in 
the nature of' an inverted isopach map and by eliminating the 
ef.f'ect of' structure developed subsequent to the deposition of' 
this part of' the sedimentary section, it depicts the pre-
Cambrian surface as it was in pre-Cambrian time. 
No a ·ttempt was made to contour the rather large areas where 
information was insuf'f'icient to be reliable and these areas are 
blanked out in blue color. In general, they can be assumed to 
be areas of' lower elevation than those contoured as is indicated 




Tbe igneous rocks of the area consist oC £ive main typesl 
cranit••• rbyo1it••• tracbytes, dike rocks, and pyroclastics. 
Granites 
Tbe granites have been class1£1ed into seven different 
types and named aa follovsl Bonneterre, Hayden Creek, Bismarck 
x, Bismarck XX, •urnaoe Creek, Czar Knob and DeSoto. The table 
£o11oving the discussion tabulates the ••••ntial characteristics 
of tbe granites for ease of comparison. 
12 
Bonne Terre Granite 
Locality: 
· The granite is exposed within the Bonne Terre mine of the 
St. Joseph Lead Company. It occurs in contact with a brecciated 
rhyolite. Together they form a knob on the pre-Cambrian sur:face 
and are overlain by Cambrian sediments showing initial diI>• The 
contact itself', which occupies a depression on the pre-Cambrian 
surf'ace, is not exposed. The knob is approximately 330 feet be-
low the ground surface, which here is at an altitude of' 830 f'eet 
above mean sea level. 
The sur:face location is within the town of Bonne Terre and 
its approximate boundaries may be de:fined by the f'ollowing city 
street locationsl A Street on the north, Pine on the west, 
Division on the east, and Murrill on the south. The granite 
lies to the west and the rhyolite to the east within this area. 
Megascopic Description: 
The granite is salmon-colored, medium-grained, usually 
equigranular, but locally somewhat porphyritic. It is relatively 
poor in dark minerals. Quartz and feldspar are conspicuous in 
hand specimens and hornblende and biotite can be identi:fied 
occasionally with a hand lens. Sparsely distributed small patches 
of green are due to the development o:f epidote arid chlorite. 
The slightly porphyritic texture is due to the greater develop-
ment o:f some o:f the quartz and :feldspar. 
lJ 
Microscopic Description: 
Thin section study reveals that the granite actually is 
somewhat equigranular. It is holocrystalline and consists of 
eubedral to subhedral minerals. Most of the grains vary in size 
from one to six mm but some of the hematite is finer. The rock 
is composed of about 50 per cent quartz. This is subhedral and 
relatively clear, but contains minute two-phase inclusions of a 
liquid and gas. The gas in these inclusions is small enough to 
exhibit the Brownian movement. Anhedral to subhedral orthoper-
thite comprises about J per cent of the rock. Plagioclase ac-
counts for 10 per cent, while potassium feldspar makes up JO per 
cent of the rock. The pla.gioclase is partially altered to seri-
cit~. 
Most of the potassium feldspar shows perthitic intergrowths. 
Two patches of lath-like albite were noted which could represent 
inclusion or post consolidation segregations. 
A very small amount of the biotite is present and is parti-
ally altered to chlorite (penninite). Zircon, apatite, and 
rutile in small crystals and grains make up less than 2 per cent 
of the rock. 
14 
Hayden Creek Granite 
Locality: 
The Hayden Creek granite is a graphic granite. It is ex-
posed in the Hayden Creek mine of the St. Joseph Lead Company. 
It underlies an area comprising parts of Secs. ? and 8, TJ6N-
R4E, adjacent to the boundary of St. Francois and Washington 
Counties. The occurrence is limited to two northeast trending 
pre-Cambrian ridges, approximately JOO feet in elevation, which 
are flanked by large boulder piles and overlain by · the Bonne-
terre and Davis formations. It is within the boulder piles that 
mining is now confined. 
Megascopic Description: 
The solid granite is salmon-colored, fine-grained, bolo~ 
crystalline, slightly porphyritic, but mainly medium-grained 
equigranular. The porphyritic texture is the result of the 
greater development of quartz. In an occasional specimen the 
dark minerals biotite and hornblende can be identified with the 
aid of a hand lens. An analysis of the granite is given in 
Table.I. 
Microscopic Description, 
The fresh unaltered granite: The dominant phase is a 
miorographic quartz and feldspar. Minor minerals are shreds of 
biotite (less than 2 per cent) and hornblende. Pyrite and 
Table 1 - Analysis of Hayden Creek Granite 
(Al Rice, Analyst) 
5102 72.7 
AlaOa 13.0 





Na 2 0 2.7 
K 3 0 5.7 
s tr 
Pa Os .02 
C03 




magnetite comprise the opaque minerals (not exceeding) per cent). 
The biotite is chloritized~ The range of graphic intergrowth is 
demonstrated in the following photomicrographs. 
Figure 2 shows the maximum development of graphic intergrowth 
while Figure 3 shows the minimum. Both sections were taken from 
fresh material. A number of thin sections of the Hayden Creek 
granite were made and all of them had one special feature in 
commono This feature was the complete micrographic intergrowth 
of nearly all minerals comprising the rock. 
Large grains of feldspar, usually orthoclase, individually 
enclose many small imperfectly developed bodies of quartz which 
maintain constant crystallographic orientation throughout a large 
part of or all of a given host crystal. 
Mineral intergrowths, possibly represent products of eutectic 
crystallization of the two minerals concerned, for the structure 
is closely similar to that of a metallic eutectic as discussed by 
Shockley. 3 
3 Shockley, w., Imperfections in Nearly Perfect Crystals, 
1951, John Wiley. 
Another possibility is that the intergrowths are the result of 
partial replacement of one mineral by the other. 
Plate I 
Figure 2. 5ox Crossed Nichols 
Micrographic Intergrowth 
Figure J. 5ox Crossed Nichols 





There are two 1arge granitic outcrops near Bismarck. These 
are shown on the following map (Figure 4). They were mapped and 
Figure 4. Bismarck Igneous Area 
described by Stickel in 1949. 4 Several thin sections were made 
Stickel, A. M., 1949, Bonne Terre Igneous Area, Washington 
University Thesis. 
Crom specimens taken from this area. 
19 
Bismarck Granite No. I 
Locality: 
The northern granite is contained in secs. 19, 20, 29, and 
30, T. 35 N., R. 4E. As a result of drilling around this knob 
py the St. Joseph Lead Company, its configuration has been 
determined in more detail than is possible from surface exposures 
alone. The limits of the knob and its steep sided configuration 
is shown on Map No. 1. 
Megascopic Description: 
The rock is salmon-pink mottled by irregular small green 
and black patches. It is holocrystalline, equigranular, and 
medj. urn-grained. Examination with a hand lens confirms the 
presence of quartz, plagioclase and orthoclase, and permits 
identification of the green patches as epidote. The dark patches 
appear to be biotite. The rock tends to become a lighter pink 
on weathering and develops a thin brown weathering product on 
the surface. 
The chemical composition of this rock is presented in Table 
2. 
Microscopic Descriptions 
The rock is holocrystalline and more inequigranular than 
is apparent in the hand specimen. Sericitized, vermiform albite 
phenocrysts and irregularly outlined, laminated orthoclase pheno-
crysts ~ake up SO per cent of the section. Interstitial, ragged 
Table 2 - Chemica1 Analysis of Bismarck Granite No. 1 
(Al Rice - Analyst) 
Si02 
Al 2 0 3 





Na 2 0 






















quartz individua1s containing irregular patches of orthoclase 
as well as subgraphic £eldspar, containing vermiform quartz, 
make up the major remaining portion of the rock. Biotite, 
associated with a chloritic alteration product,and epidote 
occur in irregular patches throughout the rock. Magnetite 
and pyrite are present in minor amounts. Some very tiny apa-
tite crystals are included in the £e1dspar and several small, 
wedged-shaped sphene crystals occur in association with magne-
tite. There seems to be a gross alignment 0£ the a1teration 
products sericite and saussMrite in the £e1dspar. 
22 
Bismarck No. II 
L.ocality: 
A sample taken :from the gra.ni te in NE 1 /1-" NW 1 / 4 sec. 1 O, 
r. 35 N., F. 4 E., east of Bismarck exhibits features di:fferent 
from those of the preceding granite. 
~egascopic Descriptions 
The rock i.s uniform in texture and composi.tion, has a red-
iish pink color, and is composed of unoriented, euhedral, pink 
to red plagioclase and orthoclase phenocrysts, two to six mm in 
length, in a gra.nitic ground.mass of quartz and feldspar grains 
?t' a smaller size. There are also some larger quartz pheno-
crysts nearly as large as the :feldspar. The per cent o:f dark 
ninerals is small, probably less than 2 per cent. The :feldspar 
~nd quartz phenocrysts comprise 30 per cent of the rock, with the 
remaining portion fine grained. The dark minera.l appears to be 
primarily magnetite. 
~icroscopic Description: 
In thin section the rock was observed to be holocrystalline, 
inequigranular, consisting of a large per cent of orthoperthite 
and minor amounts o:f plagioclase and orthoclase. The orthoper-
thite is peripheral to the plagioclase, as shown by the photo-
micrograp~, Figure 5, suggesting two stages in development of 
the rock. The rock contains orthoclase crystals with rather 
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good euhedral outl~nes which are surrounded by quartz and this, 
in turn, is covered by orthoc1ase in optical continuity with the 
original growth. Magnetite is a minor accessory with some bio-
tite in proximity. 
This rimming of the phenocrysts with fine grained individuals 
of another mineral suggests that the rock was subjected to a cool-
ing period and crystallizaaon of the mineral aggregates with the 
later heating or annhealing of the mass and renewed development 
of large phenocrysts. This phenorr.enon can be seen both in the 
granite and in the rhyolite from this area. The photomicrograph 
(Figure S) shows this development in the granite from sec. 10 
east of Bismarck. 
Figure 5. SOX 
Two Generation Feldspar Growth 
24 
Furnace Creek Granite 
Localitya 
Three miles north of Big River, 1600 f'eet below the surface 
a biotite-bearing, hornblende granite was encountered in a drill 
hole in the ~JW 1/4 NE 1/4 SW 1/4 sec. 12, T. 36 N., R. 2 E., 
near Missouri Sta.te Highway No. 21. 
Megascopic Descriptiont 
The granite is a coarse-grained, rather equigranular, 
crystalline rock with abundance of ferromagnesian minerals. 
Large single crystals of' hornblende nearly ten mm across are 
common, and dark biotite crystals, while not as abundant, are 
nearly as large. Thttse minerals are set in a matrix of' coarse 
crystalline orthoclase, albite, and quartz. The rock is predomi-
nantly of a mixture of three colors: pink from the orthoclase1 
the white f'rom the albite and quartz; and nearly black from the 
ferromagnesian minerals. 
Microscopic Descriptions 
Thin · sections show the rock to be more inequigranular than 
is apparent in the hand specimen. Large hornblende phenocrysts 
associated with ragged biotite occur in a matrix. of' albite, 
orthoclase, and quartz. The albite exhibits zonal growth and 
sericitized cores. The orthoclase is slightly clouded with 
kaolin. Quartz is clear and crystalline. Minor amounts of' 
sphene and apatite are present. Chloritic alteration of the 
biotite has progressed only s1ghtly. Some sericite filling 
intersticies is evident. A tiny zircon was identified. 
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Czar Knob Granite 
Locality: 
In secs. 9 and 15, T. 35 N. 1 R. 2 w., a good example of' 
a Tombstone granite is exposed. A large number of diamond 
drill holes around this knob yield reliable information regarding 
the shape of' this knob, which is shown in Figure 6. The 1000 
foot contour shows the surf'ace outline of the knob but the south-
vest trend of' the granite ridge is revealed only from drill hole 
date. 
Figure 6. Czar Knob Area 
A number of' large granite boulders, formed by weathering 
along the joint system, remain on the surface of' the outcrop. 
The joints in the granite are widely spaced, ranging f'rom two 
) ten f~et apart, and they break the outcropping rock into 
Locks, which have their edges rounded by weathering. 
egascopic Descriptions 
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This granite is medium- to coarse-grained and is composed 
~inly of anhedral quartz and subhedral orthoclase and plagio-
lase. There are very few accessory minerals so that the granite 
as a homogeneous color and texture. An occasional dark patch of 
iotite can be seen with the hand lens. A minor amount of pyrite 
nd some :·chlorite can be seen by close examination. The flesh 
ed feldspars show good cleavage faces and the plagioclase 
triations occasionally are visable. 
An analysis of the granite is given in Table J. 
icroscopic Description: 
Under the microscope the granite has a graphic texture 
hich comprises about JO per cent of the section and a non-
raphic portion with normal crystalline development. Some ~·· 
iotite as well as chlorite and associated magnetite are present. 
phene crystals and small apatite needles occur in minor amounts. 
slight invasion by calcite into fractures is noticeable. No 
·lagioclase as such is seen, but suggestions of striations are 
resent on some of the :feldspar crystals. These crystals are 
•adly kaolinized and sericitized. The graphic intergrow~h is 
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Granitic material was encountered in a hole drilled in 
NW 1/4 SE 1/4 sec. J, T. 38 N., R. 5 E., Jefferson County. 
The soli.d granite was not yet reached when the drill bottomed 
at 1360 :feet. 
Megascopic Description: 
Although the solid granite had not been reached, the pre-
dominant material was of a granitic nature. This granitic material 
was an equigranular, salmon-pink rock composed o:f quartz and 
feldspar crystals with medium sized orthoclase crystals predomi-
nant. Some ragged areas o:f biotite dot the sample. Dark :frag-
ments of fine-grained rhyolite with a large development of hema-
tite in the :form of fine-grained pervasive material also are 
present. 
Microscopic Description: 
A thi.n section of the rock is composed o:f idiomorphi.c crystals 
of quartz, plagioclase, orthoclase and chlorite after bioti~e. 
The quartz shows the effects of inversion by shrinkage cracks 
and wavy extinction. The quartz, in places, contains :fragments 
of orthoclase, as shown in Figure 7, attesting to the fact that 
it crystallized later. The albite has been sericitized and 
clouded with kaol·ini te. Its edges are ragged and embayed by 
quartz. The orthoclase is badly clouded with kaolin. Chlorite 
with associated magnetite derived from the alteration o:f original 
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biotite is evident. Several, small, wedge shaped, sphene in-
dividua.ls, .some orthoperthitic potassium feldspar and a slight 
amount of carbonate associated with nearly opaque areas of 
white clay splotches are present. 
Figure 7. 4ox Crossed Nichols 
Spheurilitic Development 
The photomicrograph shows the wavy extinction of quartz and the 
intergrowth of orthoclase with the quartz. A crystall of feld-
spar can be observed as the center of crystallization with quartz 
t;;' 
individuals radiating from this. 
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A Table of Characteristics of Granites 
Bonne- Hayden Bismarck Bismarck Furnace Czar 
Per Cent of terre Creek I II Creek Knob Desoto 
QQartz 50% 581, 40% 6<>%, 25% 3<>% 30% 
Orthoclase 3<>% 4oq; 50% 151.> 5% 25% 
Al bite 10% 10% 5% 15% 2<>% 
Orthoperthite 3% 2 <11, 20% 2o% 25':h 
Hornblende 2o1, 
Biotite 2% 2% x x 10'% 5% x 
Muscovite x 
Minor Minerals 
Apatite x x x x x 
Sphene x x x 
Ru tile x 
Zircon x x 
Fluorite x 
Magnetite x x x x x 
Hematite x x x 3% 
Pyrite x 
Secondary Minerals 
Leucoxene x x x x 
Chlo rite x x x x x 
Carbonate x x 
Kaolinization clouded clouded slight clouded sliP.;ht :fair 
Seri cite x x x slight aligned aligned 
in 
feldspar 
Saussarite x x x 
Epidote x 
Graphic 
Development 3% 9o% 301'> 2<t, 3<>% 5% 
Inequigranular x x x 
Maximum 
Grairi Size Jmm 2mm 6mrn lOmm 
Minimum 
Grain Size .02mm .05mm .05mm 
Inclusions 
(liquid & gas) x x x x 
Per Cent Euhedral 
Minerals 3<>% 4<>% 
Zonal Feldspar x 
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Rhyolites 
The ol-dest rocks exposed in the southern part of' Washington 
County are rhyolites. These rhyolites may be related to a par-
ent magma but they are not all alike. Some,such as the rhyolite 
porphyry of' Johnson Mt., can be traced f'or a considerable dis-
tance, ot~ers are more limited. Many varieties of' rhyolite 
porphyry occur in this area and can be distinguished on the basis 
of' color, texture, luster, amount and kind of' phenocrysts, pres-
ence or absence of' f'low lines, segregation patterns, and probably 
other features, but since age relationships between the various 
rhyolites could not be determined, no attempt has been made in 
th~s report to subdivide the rhyolites, and al1 variations have 
been simply mapped as rhyo1ite porphyry. When the phenocrysts 
within the rock comprise a large percentage of' the rock, it is 
termed a granite porphyry in accordance with (trout. 6 
& Grout, F. F., Petrography and Petrology, N. Y. McGraw-Hill, 
19)2, P• 5?• 
Typical exposures of' the rock show feldspar and quartz 
phenocrysts in an aphanitic purple groundmass. The f'eldspar 
phenocrysts are mostly euhedral and average three mm in length. 
Where f'lowage can be seen in the rock the long dimensions of' the 
feldspars are roughly parallel to the f'low lines. The quartz 
phenocrysts are glassy, of'ten slightly smoky or blue and ruti-
lated. They are somewhat rounded and generally smaller than the 
feldspar phenocrysts, having an average diameter of two mm. 
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The quartz is generally about half as abundant as the feldspar 
phenocrysts. An occasional hematite or magnetite grain is large 
enough to be identified in the dark groundmass. With the develop-
ment of the secondary minerals, chlorite and epidote, the rock 
acquires a patchy green aspect. 
The quartz phenocrysts, as seen in thin sections, are 
rounded and resorbed or embayed. The embayments are filled with 
the Ciner groundmass and, where Clowage is present in the rock, 
the flow lines dip around the phenocrysts and bend down into 
the embayments. The quartz phenocrysts may themselves be sur-
rounded by irregular masses 0£ quartz which have the same orienta-
tion as the phenocrysts. These may have been separated from the 
main phenocryst by corrosion. The quartz in the groundmass varies 
Crom a microcrystalline to a submicroscope mass of small sutured 
grains. 
Feldspar phenocrysts usually are more abundant than the 
quartz phenocrysts. They are commonly rectangular in shape, 
average three nun. in length, are usually reddish or grey in 
color and frequently are dull because of the sericitization and 
kaolinization. They are aligned with the flow lines and may 
exhibit fracturing during flowage. 
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The photomicrograph in Figure R, an ~lbite 'feldspar pheno-
cryst under crossed nicol~, shows the ef~ects of movement after 
the crystBllizAtion 0£ the feldspar in the melt. Thts phenocryst 
has been offset in a plane of the east-west cross hair as evi-
denced by the offsettine of the twin striation. The :feldspar 
has also suffered sericitization at a later date and the light 
colored, irregular patch~s represent the sericiteo 
Figure 8. BOX Crossed Nicols 
·A Plagioclase Phenocryst in Whcih There Fas .Been 
A Displacement of the Crystal Due to Fracturing. 
The Bottom Has Shifted to the Left, as Can Be Seen 
By Twin StriaeDisplacement 
J4 
The photomicrograph, Figure 9, shows a large phenocryst 
of albite feldspar which has been fractured with the introduction 
of a quartz and calcite veinlet. 
The temperature of formation of these veinlets must have 
been rather high in order to · accomplish the resorption of the 
feldspar and redeposition of it in a slightly different state. 
The feldspar has become a more calcic variety. It shows broader 
laths, has a higher index, and extinction angles are greater than 
the original feldspar. Thus it follows that the temperature of 
the quartz and calcite mixture must have been above that required 
for the resorbtion and redeposition of feldspar. It also shows 
that the fracture filled rapidly and then resorbed and on cooling 
redeposited the feldspar. The flaking of the feldspar, that is, 
the spots which appear white and have an irregular outline within 
the albite, are covered by the development of sericite. It will 
be noted that the sericite is not present in the redeposited 
portion of the vein. Thus it must be that either it was not 
attacked as readily or that the sericite formed before this 
more calcic feldspar was crystallized. 
For a description of the section containing this feldspar 
the reader is referred to the description of thin-section No. 
Mi-1). 
The extreme in development of spherulites within the rhyo-
lites is shown by the photomicrograph in Figure 10. The section 
was cut from pre-Cambrian rhyolite encountered in a prospect 
Plate II 
Figure 9. BOX Crossed Nichols 
A More Ca1cie Feldspar Interior 




hole at a depth of 218 feet in NE 1/4 SW 1/4 sec. 20, T. 35 No, 
Re 1 W. This shows the radial quartz-orthoclase intergrowth 
characteristic of the spherulites. No other minerals appear 
in this picture. The rock itself does contain some albite pheno-
crysts which have served as nuclei for the development of the 
spherulitic intergrowth. 
The essential feature of spherulitic structure is the 
simultaneous radial crystallization of fibers or elongated grains 
:from a common center. The growth may be completely spherical, 
as shown in the photo, or it may consist of only a small sector 
of a sphere. Spherulites differ in their degree of perfection. 
The radiating arrangement may be extremely regular, so that a 
perfect black extinction cross appears when the structure is 
viewed between crossed nichols under the microscope, or it may 
form more or less irregular growths comparable to rough bundles. 
Spherulites may or may not have a nucleus in the form of an 
ea~1y crystallized mineral. The spherulites may be completely 
separated from one another,or they may be strung out in a line 
of coalescent spherules, starting apparently from a plane or 
line, or they may be equidistant. They frequently are polygonal 
due to the contact of adjacent spheru1ites cro\«lirlg one another 
during growth. 
The radial growths of feldspar fibers and interstitial 
quartz probably represent a phase bf eutectic intergrowth of 
quartz and feldspar. In Figure 10 the radial arrangement can 
be observed to pass to a distinct micrographic intergrowth. 
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The fibrous habit suggests that spherulites developed 
rapidly in a highly supersaturated viscous solution. Fibers 
repres~nt the crystalline form whose production represents the 
most economical expenditure of energy under the prevailing con-
ditions~ Which of the two above mentioned forms appears depends 
upon the composition of the magma. The localization of the 
spherulites depends upon minute differences of physicochemical 
character, especially the content of water vapor, and therefore, 
viscosity, at certain centers whereby crystallization is favored 
at these points. That the spherulites often develop after the 
magma has come to rest is shown by the fact the flow lines pass 
uninterruptedly through them, or they occur as partial growths 
fringing subsequent cracks in the matrix. If a modern glass is 
devitrified, the forms resulting are often spherulitic. 
The micrographic intergrowth of the Hayden Creek granites 
is in all probability connected with the intense spherulitic 
development seen in the Irondale buried ridge. These spherulites 
may be 5 mm or more in diameter, but diminish to the soµth toward 
the main mass exposed on Hughes Mountain. 
Many theories have been advanced to account for the origin of 
spherulites (as summarized by Johannsen 6 ), but such theories belong 
6 Johannsen, Albert, Descriptive Petr~graphy of the Igneous Rocks, 
p. 17, University of Chicago Pr~ss, 1931. 
--------------------------------·-------------------------------..._. __ _... _________________ __ 
to petrology rather than to petrography. Suffice it here to say 
that it has been suggested by Cross that the magma may split into 
hydrous silica and feldspar, the former forming into a globule of 
colloidal silica to serve as a nucleus for separate secretions from 
the magma. The colloidal substance may have been entirely removed 
by later crystallization. Iddings thought the crystallization 
was influenced by absorbed water vapor which rendered the magma 
more mobile at certain points. Rosenbusch suggested that an 
amorphous spherical body may be consid~red as made up of con-
centric shells. Upon shrinking each shell exerts pressure upon 
the one lying next within, but at the same time a tensile strain 
is set up in the direction of the circumference. Such conditions, 
he thought, would produce an optically negative character in the 
pseudointerference figure. 
Fractures in the rhyolite are filled with vein-type quartz. 
These may be the result of shrinkage due to cooling with the 
subsequent filling with a quartz-bearing solution. A phase of 
the rhyolitic flows, which may represent an extrusion to the 
surface with the lessening of confining pressure but not a 
great drop in temperature, can be seen in the ragged, corroded 
edges of the already formed quartz grai.ns which were resorbed 
as a result of this reduced pressure. With f1owage and the 
inevitable marginal development, we get a ra~ge of textural 
tYPes of rocks, from a fine-grained, chilled, marginal phase 
through a spherulitic development probably similar in origin to 
the micrographic development in grariites, to a phaneric develop-
ment of feldspar and quartz grains. With subsequent weathering, 
these rocks lose their homogeneity and take on different colors 
which accentuate the differences in grain size. The chilled 
border phase appears banded, whi~h may cause it to be mistaken 
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for a tuff,-~hereas a study of the rock would lead to the under-
standing that the bands are variations in crystal growth at a 
given horizon in the flow. Where these marginal rocks are ex-
posed in stream beds a ripple marking may develop. The ripple 
marking shows more clearly the·variations in grain size, and the 
horizontal bands which may be transients. Another development 
is solution pits caused by the dissolving of the rock by aqueous 
solution. These are usually on the bottom side of the rock but 
an unoriented specimen could conceivably be mistaken for rain 
prints. 
Where the spherulitic development is present, the rock has 
the appearance of being comprised of a fine-grained colored 
matrix with sparse development of phenocrysts. Another structure 
related to the cooling and flowage is the development within the 
purple or red groundmass of granitic micropegmatitic streaks of 
coarser quartz and feldspar in the form of elongate pods. These 
elliptical shaped bands are believed to resuibt from a deformation 
of the yet fluid portion of an otherwise plastic flow. The flow-
age is readily accomplished by the movement along these more 
fluid portions with the phenocrystalline portion gliding. As 
evidence of their fluidity, some of these pods contain f1uorite 
or other late stage liquid mineral. The liquid tends to move 
toward regions of least pressure, and forms bands and schlieren 
in the portion of the mesh least affected by the .pressure. 
Figure 11 illustrates the micropegmatitic character of the 
rhyolite flows, This particular thin section was made from a 
specimen tak~n from Hughes Mountain. The pod shaped crystalline 
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Figure 11. 20X - Micropegmatitic .Pod 
~rea shows that the orthoclase needles formed outward into the 
cavity while the cavity contained a liquid material or a gas, 
then as the temperature dropped sufficiently, the quartz crystal-
lized to fill the cavity. 
The large, usually pink, feldspar phenocrysts are generally 
a perthitic development of albite and orthoclase. Some ortho-
clase, as well as some albite phenocrysts, are present, but the 
largest portion of the crystalline feldspar is a mixture of 
albite and orthoc1ase. The feldspars are generally clouded by 
kaolinization and in some state of alteration to sericite or 
saussurite. 
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Fractur~s filled by late stage mineralization contain rod-
like orthoclase crystals divergent to the center of the fracture 
and are filled . subsequently by quartz. This may also be seen 
in some groundmasses where the orthoclase rods fill orbicular 
areas and the quartz hns :fi.lled ·in around these. This · develop-
ment is particularly well shown by a thin section from the 
Bismark areat Mi-83. The rod-like development, the spherulitic 
development and the graphic intergrowths are all interrupted 
as the result of near ~ur:face chjll:tng during consolidation. 
The r,ddish color of most flows is due to the presence of' 
finely divided iron oxide ~n the aphanitic groundmasso The color 
variations are at times the result of the oxidation of the iron. 
Magnetite grains can occasionally be identified by polished 
section and the use of a mineralogrRphic microscope. Pyrite can 
also be seen to occur sparsely. Genera . lly these minerals are. 
~ubhedral to anhedral and occur as isolated individualso 
When a feldspar phenocryst was :formed within a flow, the 
flowage lines swirled around this individual, dippi"g into em-
bayments :fromed behind and gently rolli.ng the phenocryst in the 
direction of flowage with the result that all o:f the phenocrysts 
become aligned in the dj.rection of :flowage. This is well shown 
by Figure 12 in which a euhedral plagioclase phenocryst is seen 
in the center of a very f~ne-grained devitirfied groundmass. 
The development o:f pod- or lens-like ·segregations of quartz 
elongated in the direction o:f f'lowa.ge also is apparent. These 
pods must have been developed prior to complete solidification 
o:f the rock which subsequently has been devit~dfied. 
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Plate III 
Figure 12. 20X - Flo\\·age Structure 
Figure 13. lOX - Fractured and Rolled Quartz Crystal 
A quartz grain which has been fractured, rolled and parti-
ally resorbed is presented in Figure 13. The magnification of' 
lOX shows the f'low lines swirling around the grain attesting to 
the fact that the magma was fluid yet vi.scous enough to preserve 
the flow lines which may be tortuous around obstacles. The 
obstacles, such as crystallites, microlites, or phenocrysts, 
are aligned by t6e f'lowage. Such directive testures may be of 
aid in determi.ning direction as well a.s magnitude of :flow. The 
pre~eding quartz phenocryst can be used to demonstrate this with-
in this portion of the flow. 
In some of' the rhyolites garnet is a common constituent. 
The garnet occurs in the :form of llthophysae disseminated 
throughout the rock. On Cran~ Pond Lookout Tower Road, which is 
outside of' the area covered by this thesis, a purple lava occurs 
with a large number of' garnet segregations. Quartz is absent 
in ·the vicinity of' the garnet and the groundmass consists of' 
fine needles of' a1bite in random array without visible f'lowage. 
A section o:f this rock is described in ~i-125 o:f the appendix. 
The rhyolite which outcrops near the road on Highway 32 east of' 
Bismarck, NE t/4, NE t/4 sec. 28, T. 35 N., R. 4 E., also con-
tains a number of' such garnet-filled areas. One of' these 
garnetiferous masses is shown in Figure 14. The dark area 
around the garnet consists of' chlorite and magnetite while the 
ground.mass consists of' interlocking feldspar and iron oxide. 
In some rhyolites, the showy mineral piedmontite has 
developed at the expense of the feldspar. This mineral is one 
o:f the epidote group hut shows marked pleocroism from pinks to 
yellows with a high colorful biref'rigence. The greatest 
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Figure 14. 20X - Garnet in a Rhyolitic Ground.mass 
development of this mineral was found south of Annapolis outside 
of the Washington County area and was especially well developed 
in thin section Mi-91. The mineral is occasionally found in the 
rhyolites of Washington County, but there it is not as well 
developed as in the Annapolis area. 
Spheru1it1c development of epidote is characteristic of 
some of the redder rhyo1ites and it is seen best in exposures. 
Some lighter green chlorite also is visible on the surface out-
crops as the result of weathering of fresh rhyolite. 
The thin secti.ons cut of weathered surface material gener-
ally show a good development of limonite, which often is con-
centrated along fractures. Weathered specimens are also high in 
white clays like mirierals, some of which are true clays de-
rived from the weathering of the feldspars and some leucoxene 
formed by the alteration of titaniferous magnetite. 
Chlorite also is a common a.Iteration product in the rhyolj_teo 
In the field it is not unusual to see chlorite bands cutting a 
red porphyritic rhyolite. A section taken from the rhyolite 
exposed along Highway c, w~st of Caledonia in Survey No. 3274, 
is illustrated by Figure 15. The chloritic bands can be f" Seen 
filling fractures in which it is associated with quartz. Nearly 
all of the opaque, dark appearing material shown is chlorite. 
The body of the fine-grained devitrified flow is but little 
affected, suggesting alterations along fractur~s during weather-
in or during a late hydrothermal phase. 
Figure 15. 20X - Chloritic Streaks 
Some thin sections show small irregular, eenerally bent 
patches of muscovite and/or biotite. If biotite is present, 
the alteration products, chlnrite and magnetit•~ invariably 
occur wi.th it. The normal chlorite is penninite. Another 
accessory mineral~ found at times, is hornblende in the form 
of small individuals scattered throughout the slide. 
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Common minor accessori.es are sphene, apatite, rutile, zir-
con, fluorite, barite, and topaz. The sphene occurs in wedge 
shaped, high birefrigent aggregates, usually in an area con-
taining a large per cent of magnetite. Apatite is a common 
accessory occurring in prismatic needles or in hexagonal cross 
sections. It also is associated with areas where ferromagnesian 
minerals and magnetite are present. Rutile is a common acces-
sory, at times in rather large quantities. Zircons may be found 
throughout the rock, but they tend to accumulate in the finer-
grained portion of the section. Fluorite is a common accessory 
in some areas, with rather large patches occurring in the red 
flow-banded rhyolite near the bridge where Missouri State High-
way M crosses Cedar Creek. This is described in Mi-80 of the 
appendix. Here the fluorite is purple and white and associated 
with barite. Topaz is an occasional accessory. 
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Hughes Mountain Rhyolite 
Localitys 
A series oC rhyolitic flows cover large portions of secs. 
22, 28, 33, and J4, T. ~N., Ro J E., west of the town of 
/~ 
Irondale. These flows are dissected by Wallen Creek which has 
formed a shut-in in tne NE t/4 of sec. 28. The rhyolitic 
masses give rise to hills and ridges which have a relief of 
about JOO feet but have rather gentle slopes and~ well-rounded 
appearance. Round Mountain, which makes up the southeastern 
portion of the rhyolitic exposure, has a bit more relief and 
a more pointed appearance. 
Megascoptc Descriptions 
On the north western flank of Hughes Mountain in proximity 
to the Cedar Creek bridge on Highway M, the rhyolite contains 
numerous segregations containing fluorite and barite. The 
fluorite predominates and varies from a light purple to a color-
less variety. The rhyolite shows flow banding and contains 
lighter colored crystalline e~ongated aggregates of micropeg-
matitic quartz and feldspar. These pods may represent segre-
gations of their constituents during the consolidation of the 
flow, with subsequent crystallization. Another thought is that 
they may be xenoliths within the flow. Still another relates 
their occurrence to zones of stress, with the increase in 
stress at these points, allowing for the crystallization at a 
lower temperature. 
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Table 4 - Analysis ·of Rhyolite at Hughes Mt. & Cedar Creek 
(Al Rice - Analyst) 
SiO 
2 71.1 
Al 2 0 3 13. 8 






Na 2 0 4.2 
K O 2 4.4 
s tr 
Pa Os .o4 
co2 
Loss on Ign. Nil 
;, : , ; Total 100.00 
Plate IV 
Figure 16. Rhyolite Found at Hughes Mt. & Cedar Creek 
~hn-i~~ ~1n-~~~ ~o--o~~+innc 
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As one goes farther toward Irondale and approaches Wallen 
Creek, o~ Highway M, the rhyolite has a darker overall red 
appearance. The flow banding is still conspicuous, but the 
segregations are rarely seen. Darker red feldspar phenocrysts . 
occur and the groundmass contains more hematite. 
The Round Mountain rhyolite is a purple, flow banded, 
possibly younger flow, similar to the one described from sec. 28, 
northeast of Bismarck. 
This glassy type of porphyritic rhyolite has, in hand speci-
men, a vitreous or glassy appearance. It has a pronounced con-
choidal fracture, maroon color, and is translucent on thin edges. 
It is not meant to imply that the ground.mass is strictly amor-
phous, because under the microscope, it is not glassy but micro-
granular. Phenocrysts in this rock vary over a rather wide, 
range. In some places only a few scattered quartz pbenocrysts 
are present, while in others quartz phenocrysts and pink feld-
spar segregations up to several inches in length occur in bands 
and layers, indicating the flow lines. The groundmass consists 
of a fine, microgranular mixcure of quartz and feldspar with 
innumerable, tiny octahedrons of magnetite scattered throughout. 
Quartz phenocrysts contain liquid inclusions with movable gas 
bubbles. These inclusions can only be seen with a very high 
power oil imersion lens. 
able corrosion. 
The quartz shows evidence of consider-
A chemical analysis of the Hughes Mountain rhyolite is 
given in Table 4. 
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Microscopic Description: 
A specimen taken from the bridge location on Cedar Creek 
consists essentiaily of. two distinctly different lithologic 
types: 1) A very fine-grained feldspar and quartz shows flow 
banding and contain~ subhedral albite pheriocrysts several 
millimeters in size, as well as perthite and orthoclase pheno-
crysts scattered throughout. 2) Larger bands within this rock 
type consist of a micropegmatitic mixture of quartz individuals 
with small orthoclase prisms scattered through it and subhedral 
perthite as well as albite showing the fracturing and recementing 
of the individuals. A small amount of ragged chlorite and bio-
tite with scattered splotches of opaque clay and fine hematite 
staining are present. 
A specimen taken along Highway M, overlooking Wallen Creek, 
shows a very fine-grained ground.mass of quartz and feldspar with 
well defined flow bands. The entire rock section shows linea-
tion. Where feldspar phenocrysts occur, the individuals exist 
as though islands in a stream and the ground.mass swirls around 
them and fills in eddys behind. The orthoclase tJnds to be 
euhedral but sericitized. About 1 per cent of the rock consists 
of chlorite·and muscovite shreds. Flowage is accentuated by 
coarser bands of ~egregated feldspar and mosaic quartz. 
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Caledonta Porphyritic Rbyolite 
Localityl 
One mile southeast of' Caledonia, principally in secs.? 
and 18, T. 3.5 N., R. 3E., there is a large northeast - south~ 
west trending rhyolite mass. It outcrops along Missouri State 
Highway No. 32 about one mile east of' Caledonia where the high-
way has exposed good f'resh rock. This rhyolite mass has about 
200 f'eet of' relief' and is flanked with Lamotte sandstone. 
This same rhyolite also outcrops in a very small area in 
sec. 1 1 T. 35 N., R. 3E. about one-fourth mile north of' Caledonia 
on Missouri State Highway No. 21 on the west side of' the road. 
in a wooded lot. 
Megascopic Description• 
The rock exhibits an unusual joint pattern with two normal 
right angle joint planes and another at 4.5 degrees giving the 
rock a jagged appearance. In a f'resh sample 10 per cent of' the 
rock consists of' dark minerals, mainly amphibole. Two types 
of' f'eldspar phenocrysts are present, one is typical pink ortho-
clase and the other is white albite. Quartz phenocrysts also 
are visible. No f'low structure shows in the exposure. Some 
hematite flakes can be seen in the dark eroundmass of' fine, 
nearly aphanitic material. 
Microscopic Description: 
This rhyolite consists of' a fine-grained groundmass of' 
orthoclase and quartz with shred-like masses of' fibrous amphibole. 
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Magnetite occurs as a fine-grained material as well as in a 
:Cew crystals. The feldspar phenocrysts consist of" broken and 
recemented orthoclase and albite intermixed and mutually oriented 
on one another. Minor accessories consist of apatite, chlorite~ 
sericite, epidote, biotite and a little fluorite. No evidence 
of f"lowage is shown by the sections examined. 
An analysts of the rock is given in Table 5. 
Table 5 - Analysis of Rhyolite at Caledonia 
(Al Rice - Analyst} 
SiO.a 
Al.aOa 






K 2 0 
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Dents Branch Rhyo1ite 
Local.itya 
A north-south trending ridge with approximately 100 feet 
of relief occupies portions of secs. 3, T. 35 N., R. 2 E., 34, 
and 35, T. 36 N., R. 3 E., east of Dents Branch. The outcrop 
is located on Washington. County Highway c, one and one-half 
miles west of the junction with Missouri State Highway No. 21. 
Megascopic Descriptions 
A sa.rnple taken close to the road shows the rock to be a 
porphyritic red rhyolite with red feldspar and quartz pheno-
crysts. Some patches of green radial chl.orite are present. To 
the south on the ridge across a slight saddle, the rock becomes 
finer-grained, less porphyritic, with the fine-grained marginal 
phase appearing on the southern extremity. 
Microscopic Descriptions 
The groundmass consists of fine-grained orthoclase and 
quartz in which there are broken, recemented, sericitized, sub-
hedral albite phenocrysts. Fractures in the rock are filled 
with chlorite in radiating aggregates. The feldspar phenocrysts 
are corroded and contain bermicular qua.rtz intergrowths. 
Spherulites of quartz and feldspar are present. Ch1orite cuts 
feldspar grains. The quartz cuts feldspar and is probab1y 
contemporaneous with the associated chlorite in f'ractures. 
Flow structure is apparent in the rock. The chlorite bands can 
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be used to denote the shear sense 0£ the movement in the rock, 
as can be seen from the £ol1owing diagrams. 
An analysis~£ the rock is given in Table 6. 
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Table 6 - Ana1ysi:s of Rhy~1ite at Johnson Mt. 










Na 2 0 






Loss on Ign. Nil 
Total 100.45 
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Smaller Knobs in the Area 
A knob exists · southeast oC Belgrade in sec. 4 which con-
sists oC a separate Clow. It is described in M1-86 and Mi-8? 
oC the appendix. Yet another knob c1ose to Belgrade, in sec. 
31, west oC the town, is described in the appendix under Mi-88. 
There are a number of small exposures north of Caledonia. 
These are described megascopica11y in the latter part of the 
appendix. 
All of the igneous exposures, . as to rock type, from the 
area T. 35 N., R. 2 E., and T. )5 N., R 1 E., are described in 
the appendix ( see index to appendix for individual knob loca-
tion). 
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Mitchell Knob is a large north-south trending knob located 
southwest of Hayden creek knobs and north of the Simms Mountain 
faulto It is located in an area of mining known as the it sand 
mines , or Mitchell mine No. 8 of the st. Joseph Lead Company. 
The :following map shows the location in respect to mining as 
.well as the other igneous highs above the pre-Cambrian igneous 
surface. All of the knobs shown on the map (Plate No. V) are 
buried under considerable sedimentary rock. The only access to 
these knobs is from underground where the mining has been car-
ried on in proximity to one of these knobs. 
Three thin sections were prepared from samples collected 
from this locality and are described in detail under Mi-3?, 3~, 
and 39 of the appendix. In general, they consist of a bolo-
crystalline rock with an inequigranular texture due to the 
development during cooling o:f a number of phenocrysts of quartz 
and feldspar. The groundmass represents the end product of the 
devitrification of' a glass, now a fine mesh of orthoclase. The 
feldspar consists of the plagioclase and the orthoclase varities. 
The plagioclase is the variety albite and shows the effects of 
fracturing and partial resorption after formation. The albite 
has also been badly sericitized. Flowage is apparent in the 
lineation of the feldspars as well as some rolling of individuals. 
The hand specimens show the brecciated appearance of a near 
surface flow or what has been called a fragmental rhyolite. 
\ 
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Table 7 - Analysis ·of' Rhyolite at Mitchell Knob 
(Al Rice - Analyst) 
510.a 
Al 2 0 3 






























Trachyte underli~s a ridge developed on the pre-Cambrian 
surface as is shown on Map No. 3. The ridge extends from 
T. 38 N., R. 2 w. northeast to T. 39 N., R. 2 E. Trachyte 
varies in grain size and in mineral content, but the majority 
of the ridge is comprised of a trachyte porphyry. In secs. 
3 and 4 of T. 38 N., R. 1 E., the texture approaches that of 
a syenite, and in secs. 9 and 10 the texture is that of a syenite 
porphyry. The syenite porphyries contain larger percentages of 
magnetite than do the trachytes which causes an offset of the 
magnetic anomaly from the high of the ridge. An analysis of 
the rock from sec. J, T. )8 N., R. lE. is given in Table 8. 
Figure 17. 225x - Trachytic Textures 
Table 8 - Analysis of' Trachyte at Pilot Knob 
(Al Rice - Analyst) 
SiOa 
Al 2 0 3 





Na 2 0 


















The trachytic · texture of the rock as well as the large 
percentage of magnetite associated with this type of rock is 
shown in Figure l?. The photomicrograph was taken at 225X 
to reveal the fine-grained texture of the groundmass. This is 
typical of the trachytic· lava flow encountered within the area. 
Under high magnification the magnetite is observed to occur in 
margarites suggesting rather incomplete crystallization due 
perhaps to the viscosity of the lava. 
Figure 18. 20X - Uralitic Hornblende in 
Trachytic Groundmass 
A common feature observed in the trachyte porphyries, which 
make up the large ridge extending from Little Pilot Knob to 
Indian Creek, is the alteration of augite to uralitic hornblende 
6.5 
as shown in Figure 18. The photomicrograph shows the cores of 
unaltered augite crystals with exteriors altered to hornblende 
and chlorite. The presence of a dark band of magnetite suggests 
the freeing of some iron oxide from the pyrxene during the alter-
ation process. The majo.rity of the opaques present are magne-
tite. A large phenocryst of fe1dspar is present in the lower 
right corner of the picture. 
The trachyte porphyry occurring in SE 1/4 SE t/4 sec. 6, 
T. J8 N., R. 1 E., contains phenocrysts of hornblende and some-
what aligned orthoclase in a matrix of fine feldspar. In Figure 
19 a section of a hornblende crystal cut perpendicular to the 
C-axis sb-0ws the perfect prismatio cleavaee of .56° and 124° so 
characteristic of amphiboles. The hornblende is greenish-prown 
and shows a well defined pleochroism from yellow green to olive 
green to dark green. The hornb1ende shows a marked alteration 
to a micaceous chlorite. 
Figure 19. 50X - Syenite Porphyry 
On of the unus al ait ration pro ucts d tected in the 
trachytic ava is ce adon te. T s wa 
ection of a specimen from NW 1/4 Si 1/4 
0 erv fir in 




4 • It is ho 
tit in Figure 20. 
associat d with som 
Celadon te · an 
ch orite and opaque magne-
earthy to fibrous mineral 
Figure 20. 120X Cela onite 
with r fracture indi es of 1. 625 to 1.638. Tte min ral was 
examined un r the m·croscope with the aid of a un versal tag 
an the indices were foun to ch ck t e record d values . T 
m ne al has a hardness of about 2, a pecific gravity of about 
2.7, and goes into solution in HCL. A powder X- Ray diffrac ion 
pa tern wa obta·ned and found to b lik that of c adonit a 
recorded · n the literature. This mineral had b en ob erved in 
sma 1 quantit" · n vario s slides but cou d not be iden "fied 
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with certainty until a su£ficient1y large amount was found in 
the sample from NW 1/4 SW 1/4 sec. 23, T. 39 N., R. 4 E. The 
mineral usually appears as a very soft deep olive green, scaley 
material. It is not generally found alone but rather associated 
with chlorite and quartz~ 
Celadonite 
E a l.597 n wB 1.618EY 1.619 Sign - 2V 20° D 
Color YELLOW• GREEN 















Figure 21. 20X - Porphyritic Syenite 
The above section (Figure 21), taken at 20X, shows the 
coarse crystalline nature, and inequigranularity of the por-
.phyritic syenite. The two size ranges of the feldspar pheno-
crysts are well shown in this section. It can also be seen 
that there is an alignment of the alteration products within 
the individual fe1dspar phenocrysts. The section from which 
this photo was taken is described under Mi-115. The dark, 
irregular shaped material of the matrix is, for ·the most part, 
hornblende. Some finer grains are magnetite. The alteration 
of the albite includes both sericite and kaolin. This coarse 
development is accompanied by an increase in the anomoly shown 
by a magnetome~er survey of this area. The survey shows a high 
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>t corresponding with the physical high of the Indian Creek 
ldge. This is thought to be caused by the increase in crystal-






Figure 22. 20X - Fragmental Tu:f:f 
What is believed to have been a true tu:f:f was encountered 
by drilling in an area encompassing portions o:f SE 1/4 sec. 26, 
32. 
T. ~ N., R. 1 E., near Shirley. This is one o:f the :few instances 
where a material was encountered which had the characteristics 
o:f a tu:f:f rather than o:f a :fine grained :fragmental :flow. The 
heterogenity o:f composition, irregularity o:f grain size, angular 
shape o:f particles, and the overall appearance indicate that 
this material represents a devitri:fied tu:f:f. A photomicrograph 
o:f a section cut :from this rock is presented in Figure 22. Most 
o:f the opaque materia1 is hematite, the large~ non opaque :frag-
ments are a mixture o:f quartz and/or :feldsparo 
?2 
A chemical analysis of this rock is given in Table 9. 
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Table 9 - Analy'sis of Tuf'f' Near Shirley, Missouri 
(A1 Rice - Analyst) 
Si02 61.6 
Al 2 0 3 13.0 




MgO 1. 2 
Na 2 0 4.6 
K 2 0 2.4 
s tr 
PaOs .36 
CO a 2.8 





-During late pre-Cambrian and Cambrian time, the igneous 
rocks which underlay the erosion surface were weathered and 
eroded and contributed elastic material in the form of boulders, 
cobbles, pebbles, sand, silt, and clay to the upper Cambrian 
sediments as were deposited in the Cambrian sea as it began to 
invade the Ozark area. One of the conglomerates thus formed 
is that encountered in the Hayden Creek Mine and is here referred 
to as the Hayden Creek Conglomerate. 
Hayden Creek Conglomerate 
Locality: 
The Hayden Creek conglomerate is exposed in the Hayden 
Creek mine 6f the St. Joseph Lead Company. It underlies an area 
comprising parts of secs. ? and 8, T. 36 N., R. 4 E., adjacent 
to the boundary of St. Francois and Washington Counties. Figure 
~3 shows the sand-granite contact in the mine area. Two north-
east-southwest trending granite knobs, probab1y bosses, project 
through the pre-Cambrian rhyolitic surface. They are approxi-
mately 300 feet in elevation and are flanked by large boulder 
piles of granite. 
in this report. 
The granite itself has already been described 
Megascopic Description: 
The boulders making up this conglomerate show various de-
grees of alteration from little or none to intense alteration 




Figure 23. Projection or Hayden Creek Knobs Above Lamotte \ 
SS. Showing Limits of Conglomerate Beds 
They are unsorted and appear to occur in alluvial fans or 
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tongues at the base of the granite knobs. The boulders occur 
at two stratigraphic horizons separated by a sandy dolomite as 
described by E. L. Oh1e in 1952? and as shewn in Figure 24. 
Ohle, Ernest L., Geology of the Hayden Creek Lead Mine, 
Southeast Missouri, pp. 477-48J, Am. Inst. Mining Met. Eng. 
Tech., Pub. J22?1, 1952. 
The matrix of the boulders is a sandy dolomite of Cambrian (Bonne 
Terre) age. Sand is more abundant in the lo~er boulder bed and 
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dolomite in the upper. The ratio of boulders to matrix is quite 
variable. In places the matrix is absent, the boulders simply 
being packed together. 
















Reconstruction of Alluvial Fan From 
Drill Hole Data 
. ,. 
. ~ ~( 
;·,t •, 
The granite boulders are fractured andcomrnonly show a zonal 
alteration usually consisting of three distinct rings parallel 
to the periphery. The innermost zone usually is a white band 
resulting from the kaolinization of the feldspar. The second 
ring is dark due to the dissemination of finely ·crystalline 
pyrite. The outer ring, at the surface of the boulder, is a 
bleached 2one of highly kaolinized feldspar, free kaolinite, 
calcite, and dolomite. 
In some places the sulfide ring is prese.nt on the outside 
of the boulder and the bleached outer ring is missing. In such 
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occurrences the rings are ~ut by veinlets of calcite and galena. 
This feature indicates that the galena was introduced after the 
iron sulfide. In addition to the galena being associated with 
calcite in the fractures, it also is associated with clay within 
the fractures or channels in the sediments and granite. This 
clay was determined to be kaolinite by the author rather than 
dickite, as had been reported previously. 
Thin sections of the alteration zones (zones shown in 
Figure 25) were studied microscopically • . The inner light zone 
· immediately surrounding the fresh granite con~ists of micrographic 
feldspar and quartz, the feldspar being readily distinguishable 
from the quartz by the clouding of the feldspar as a result of 
kaolini?.ation. The biotite of' the ori.ginal granite has been 
altered to chlorite, Minor •mounts of finely striated plagio-
olase and a slight amount of' microcline are present. In the 
middle, dark zone rnicrographic feldspar and quartz are present 
without chlorite. The feldspar is badly clouded by kaolin and 
it is associated with introduced calcite and dolomite which makes 
up 10 per cent of the rock. Numerous stringers and shreds of 
earthy pyrite fill the grain boundaries. The outer bleached 
zone of the granite boulders contains rnicrographic feldspar and · 
quartz. Chlorite is absent, pyrite is not as abundant as in the 
dark zone and a yellow opaque clay, shown by X-Ray to be kaolinite, 
makes up 5 per cent of the rock. Carbonates are also abundant 
in the zone and are associated with the badly kaolinized feldspar. 
Plate VI ?8 
Figure 2..5. A Boulder Showing Zones of Alteration 
Figure 26. Contour Map Showing Elevation and Shape 
of Knobs Above the SurSace 
Plate VII 79 
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Granite boulders surr~unded by the dark bands of fine1y 
livided pyrite are shown 1n Plate VI to be embedded in a dolomite 
~atrix. The dark bands and the matrix are cut by fractures 
~illed with calcite and galena.. The fracture surfaces of the 
~ranite were kaolinized prior to the introduction of the calcite 
lnd galena and it ~s this kaolinite which causes the pillars 
~nd back to slab off during mining of the lead ore. 
81 
Furnace Creek Conglomerate 
Localitys 
The Furnace Creek area, north of Big River in sec. 12 of 
T. 36 N., Ro 2 E., is underlain by a mass of conglomerate several . 
hundred feet thick. 
Megascopic Description: 
This conglomerate is composed of angular fragments of 
rhyolites, granites, diabases, and a glassy basalt, cemented 
with a fine carbonate matrix • 
. Microscopic Descriptions 
There are some sand. grains associated with this material, 
however, they are not too common. These quartz grains show an 
unusual coating of calcite and a rim of limonite stain as though 
they were the nuclei for the formation of oolites. Compaction 
and slumping after deposition has resulted i n the erushi.ng of 
rhyolites, granites, diabases, and glassy basalt pebbles. 
On contouring the pre-Cambrian basement, it became apparent 
that this area was a deep and thus the recipient of much material 
from a large drainage area. To try to check if this area was 
really a deep or the result of faulting and more apparent than 
real, the contour map using the Davis Bonneterre contact as a 
datum plane was made. This contour map again showed the deep 
drainage area. There is a possibility that there was consider-
able faulting at the close of Lamotte time, with this area 
representing a syncline, with rapid sinking of this basin of 
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deposition. The other possibility is that this represents an 
old drainage pattern fro~ the pre-Cambrian surface. 
A photomicrograph (Figure 28) showing the character of 
conelomeratic pebbles at 10X magnification follows. 
Figure 28. lOX - Conglomerati~ Pebbles 
8J 
D I K E S 
Figure 29. 20X Crossed Nichols 
Diabasic Texture 
In drilling into the siliceous igneous rocks, the drill 
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occasionly cut less siliceous rock with a diabasic texture as 
shown in Figure 29. This diabasic texture is confined to dark 
green dikes which cut the other igneous rock. In these dikes 
hornblende and augite are interstitial to the laths of labradorite, 
which often exhibit combined albite and carlsbad twinning. Pen-
cline twinning occurs in 10 per cent of' the grains. The majority 
of the twinning bands are sharp and distinct but some are not. 
Albite twin bands tend to wedge out and disappear midway along 
the length of the crystal. Pericline twinning, if present, cuts 
across the a1bite twin bands, but fails to cut the carlsbad 
twin plane where present. Interstitial magnetite, partially _re-
placing ·the silicate minerals, is present in large amount. 
A coarsely di~basic textured dike is intrusive into the 
Johnson Mt. type rhyolite over a large area at the west base 
8.S 
of fruitt Mt. in the SW 1/4 SE 1/4 sec. 17, T. 3.S N., F. 2 E., 
as reported by Dake. 8 This i .s a coarsely granular diahB.sic rock 
8 Dake, c. L., op. cit. 
which has been very deeply weathered. The rock has been so 
deeply weathered as ·to make collection of an tmaltered sample 
impossible by ordinary means. The surface of the exposed rock 
is covered with crumbled fragments which are much stained by 
iron oxide.. The uncrumbled rock, in places, shows the large 
size of the basic phenocrysts of the original unweatbered dike 
and with the weathering the diabasic texture has been extenuated 
by the remaining material since the groundmass has altered to 
iron oxide and montmorillonite. Because of the deep weathering 
of the original rock, the exposure is difficult to find unless 
. one stays within the areas of greater erosion by rain .water 
gullying the side of the mountain. 
Another example of' a diabasic gabbro was enc.ountered on 
drilling at a depth of 1,343 feet in the NE t/4 NE t/4 SW t/4 _ 
of sec. 4, T. 36 N., R. 4 E., in hole No. 55w83 in a very 
recent drilling by the st. Joseph Lead Company. This is a high 
angle dike with a dap of approximately 75° as measured from the 
drill core. The d.ike cuts a. normal porphyritic rhyolite and 
shows little alteration of the rhyolite. 
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DeSoto Diabase 
The drill core is black with a greenish tinge, coarsely 
crystalline and contains lath-like feldspar crystals which are 
quite visible to the unaided eye. On polished surface, the green 
color is much more pronounced and the rock is definitely greenish 
blac~. The section is holocrystalline, inequigranular, and con-
tains irregular grains of magnetite, · 1 to 2 mm in diameter, 
scattered throughout. A few very small crystals of' pyrite are 
visible but form a very minor part of' the rock. About 59 per cent 
of the rock is lath-like plagioclase, which is classed as labra-
dorite mainly on the basis of maximum extinction angles. The 
labradorite crystals are from 1 to 4 mm in length and 1/2 to t/4 
mm in width. Many of the laths show two differently oriented 
portions caused by Carlsbad twinning. However, since crystals 
are present which show three or four twinning lamellae, it is 
assumed that all of the twinning is probably of the albite type. 
A diabase located in NW 1/4 SW t/4 sec. 23, T. 39 N., R. 
4 E., hole No. 54W1~9 at 1238 feet is typical of' the diabase 
f'amily. 








Si0 2 4.5. 6 
Al203 1,; 1 :~ 
Fe203 15. 6 
Ti02 1.46 
MnO • 08 
CaO 4.1 
MgO 6.7 
Na 2 0 2.2 
K 2 0 2.4 
s .01 
Pa Os .21 
CO a • 1 




The tables on the :fol lowing pages rep.resent a mean of' 
what has been taken to be average ~omposition o:f the rock types 
encountered in the area ~tudied. Table No. ·t2 is o:f previously 
described igneous rocks and table r 13 repre~entR anRlysis of the 
rocks under discussion. 
These tables were compiled :for ease o:f comparison o:f the 
rock analysis of Washington County area to sho~ similarities 
as well as differences from the normal rock analysis. It is 
to be noted that there is good comparison between the analysis 
completed :for this writing and those previously run. The main 
point o:f difference is in regard to the higher iron content 
shown by the Washington County Igneous rocks. There was no 
attempt made to separate the Fe O f''t"'om FeO on the part of' the 
2 3 
analyst. This may account for some o:f the high readings, how-
ever, it is doubtful i:f this would account :for the total di:f:fer-
ence. The rocks examined may not have ·been as :fresh as those 
run previously :for analyses or as is noted in the section o:f 
mineralizing effects; there is a greater percent o:f ~ron oxides 
in the rocks of Washington Colmty area. 
The f'ollovi_ng table represents a mean of' analysj.s ta.ken 
from Tyrre11 9 of v~rious- igneous rocks. 
9 Tyrrell, G. w., 'rhe Principles of' Petrology, ~fothue.n, 
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of 13 analysis. 1 
of' 23 analysj.s. a 
3. Average gabbro mean of 14 ana.lysi~. 3 
















The fol I owing table represents a mf'a.n of a.nalysi.~ of' 
igneous rocks ~f this area. 
Table 13 
l 3 
SiOa 73.2 60. 0 45.6 70.5 
Al;a03 13.0 15. O 19.3 13.5 
Fe 3 0 3 4.5 10.0 15. 6 6.8 
MgO • 03 1. 5 6.? 2.6 
Cao • 63 2.8 4.1 .45 
Na 2 0 3.~ 3. 1 2.2 4.? 
K 2 0 5.1 4.5 2.4 1. 2 
H 3 0 tr .50 • 10 
TiOa .18 1. 05 1. 46 .30 
MnO .07 • 10 .08 .08 
Pa Os .05 .30 • 21 .07 
_,,... ____ .._ .. 
Total 100.06 98.8.5 97.65 100.00 
1. .. rJi..verage granite mean of 3 analysis. J. 
2. Avera.ge trachyte mee.n of' 4 analysis. ;a 
3. Average dia.basic ea.bhro mean of' 2 anc\. lys j _ s. 3 
4. Average rhyolite mean of' 4 am:iilysi5. 4 
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Relationship ~f Igneous Rocks to Magnetic Anomalies. 
The abundance of magnetite in the.tr~~hytic rocks naturally. 
relates high magnetic anomalies with this rock type, particularly 
where the trachytes form·topographic h~ghs on the pre-Cambrian 
surface and especially where this surface is cut by the present 
erosion sur:face. 
The lower magnetite content of' the rhyolitic aphanites 
permits an even closer correlation between high· magnetic anoma-
lies and the topographic highs or on the pre-Cambrian surface. 
Granites, being low in magnetite and other iron-bearing 
minerals usually yield no magnetic anomaly and usually do not 
f'or pronounced topographic highs on the pre-Cambria.n surface. 
One o·f' the largest magnetic anomalies occurs a.long Brazil 
Creek in the Pea Ridge locality, sections 5,6,?,8, T. 39 N., 
R. 1 w., where at a depth of about 1500 f'eet hematite boulders 
overla.y a rock composed primarily of' magnetite, quartz, and 
apatite. Another even larger magnetic anomaly occurs just west 
and southwest of Sullivan and covers an area of about 12 square 
miles. Here a porphyritic rhyo1ite comes to within 80 :Ceet of' 
the surf'ace. This porphyritic rhyolite contains much less mag-
netite ~ban the Pea Ridge loca1ity, but the an~maly is pronounced 
because of' the proximity t~ the surf'ace. 
The following photomicrograph (figure 30) shows the large 
amount of apatite associated with magnetite f'rom the rock causing 




30 . 2 X - ag et · te n d pa ite 
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AGE RELATIONSHIPS AMOXG THE XGHEOUS ROCKS 
Minera1ogical sim11arity 0£ the apbanites to the granites 
suggests a consamguinity among these rocks. Out 0£ past geo1ogic 
investigation bas come two diverse views. Accorcllng to one, the 
erani.te is intrusive into the apbanitlc rocks, and therefore is 
younger. Accordinc to tbe other, tbe aphanitic rocks represent 
rapi.dly crysta111sed phases of tbe same magma wb1cb by slower 
crystal1isation gave rise to the granite. Since the formation 
of the granite would to11ow that of the apbanites, various 
features ind.1oat1ve 0£ a younger age of the granite m1gbt ex1s·t 
without indicating a great age difference between the two types · 
of rock. 
:In the Washington County area the exposures of granite are 
quite limited a• compared to the exposures 0£ apbanitic rocks. 
This in part is due to the greater breakdown of the granular 
granites upon weathering as compared to tbe more resistant 
nature of the apbanitic rocks. Tbis was true in pre-Cambrian 
time as it is today. After burial of the igneous rocks by paleo-
zo~c sedilllents and their partia1 subsequent re•urrect~on through 
up1ift and erosion, tbe aore resiatant apbanitee again more 
proadnent than tbe granites on tbe present erosion surface. The 
paucity of granite outcrops and tbe 1ack of exposures of the 
contact of the granites with the apbanites makes a direct so1u-
tion of the age re1ationsb1p proble• impossible. Certa~n 
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indirect evidence,. however, suggests that the granites and aplites 
are not too different in age. 
The granites lack the abundance of' a~cessory minerals 
which is common to granites in bathollthic intrusions. The aph-
anites also do not contain a high percentage of accessories. 
This, together with the simi.larity in major mineral constituents, 
suggests that both types of' rock are nearly of' the . same age. 
Within the limited number of exposures there are some, such 
as on Pruitt Mountain, where a gradation f'rom fine-grained rhyolite 
through a coarse porphyritic rhyolite to a granite porphyry 
occur. While this does not carry the textural gradation into 
a granite, it lacks only the final staee. 
Numerous aphanitic flows contain fine-grained angular 
xenoliths., similar in composition to the body of the f'lows, 
which may have been formed by the breaking of' the crust of the 
'flow or they may represent explosion fragments from the source 
vent. In the latter case they again may represent the initial 
stage in the gradational textural series :from aphanite to 
granite. 
A core 'from a drill hole in section 22, T. 39 N., R. 4 E., 
3 miles south o:f De Soto, was the only core examined in which 
any age relationship of aphanitic to granite ~as observed. At 
a depth of 1126 to 1141 feet a dark gray trachyte porphyry 
contains angular to subround.ed fragments of reddish rhyolite, 
pinkish granite porphyry and pink granite. The granite porphyry 
is similar to that in section 31, T. 36 N., R. 4 E., 2 miles 
north o:f Bismarck. The granite is li.ke that :found undergrou~d 
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at Bonne Terre or ~t is s·lightly coarser than that f'ound i .n 
section 14, T. 3? N., R. 4 E. The trachyte porphyry in this 
core is de:f1.ni te1y younger than the included rock :fra.gments, 
which is a reversa.1 of' the commonly expressed age rel.ationsbips 
and lends weight to the -belief' that the aphani tes and granites 
are essentially contemporaneous. 
Relationship of' Rhyol:l.tes to Trachytes 
As f'ar as drilling has revealed up to the present time, 
most of' the pre-Cambrian rhyolitic rocks are confined to the 
southern part of' Washington County, approximately occurring 
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in an east-west strip 7 miles wide north of the southern border. 
North of' tbi.s strip the aphani tic rocks ar~ lareel);. trachytic, 
but a f'ew rhyolitic knobs do exist. 
Nowhere has this study revealed any general age rela.tion~ 
~hip of' rhyolitic aphanites to trachytic a~hanites. Contacts 
between these two rock types were not observed either in drill 
cores or in outcrops, except the one core f'rom a hole 3 miles 
south of' De Soto, as already described. Here fragments o~ 
rhyolite were found embedded in trachyte porphyry. 
It is probable that the trachyte and rhyolitic rocks, 
largely flows, overlap or are interbedded. 
Relationship of Diabasic Dikes to Other Tgenous Rocks 
Diabasic gabbros in dikes are exposed in NE t/4 NE t/4 
section 33, T. )6.N., R. 4 E. Other similar dikes were encountered 
in drill cores :from SW t/4 NE t/4 section 9, T. 35 N., R. 2 w. 
and NW t/4 SE t/4 SE t/4 section 4, T. 36 N., R. 1 E. These 
dikes cut the other igneous rocks that happen to be in the 
area, whether it be rhyolite, trachyte or granite. The d.iabasic 
gabbro appears to be the youngest igneous rock in the. area. 
Relationship of' Welded Trachytic Tuf':f to other Igneous Rocks 
The we1ded tra.chytic tu:ff' encountered in drill core i.n 
section 26, T. 37 N., R. 1 E. contains f'ra.ements of trachyte. 
Although th~ hole was drilled about 40 f'eet into the tu:ff', 
it was not completely penetrated and theref'ore its .r~lation-
ship to the other ieneous rocks could not be determined. It 
is overlain by Lamotte sandstone. 
R~lationship of' Quartz Veins to Igneous Rocks 
Quartz veins usually less than 6 inches wide and o:ften 
mere stringer cut the other i.gn~ous rocks, :filling fractures, 
They appear to have been high temperature veins carrying, in 
addition to the quartz, principally hematite, magnetite, and a 
little galena and muscovite. The host rock is materially 
reddened near the conta~t. The veins are younger than the 
igneous rock. 
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Relationsh~p of Igneous Rocks to Mineralization 
Magnetite is especially abundant in the trachytic aphanites~ 
In an averaee trachyte or trachyte porphyry the magnetite content 
is a.bout 10 • .5 percent hut i.n some areas the trachyte porphyry 
may contai.n as much as 30 percent. This i~ in accordance with 
the observation of Tolman10 who :found at Iron Mountain that the 
10 Tolman, Carl, Op. cit. 
iron oxides have replaced trachyte. Magnetite occurs in the 
rhyolite and rhyolite porphyry, but it is not ·as abundnnt as in 
the trachyt_es. Hematite is quite common in the rhyolites and 
accounts for the reddish color of these rocks. In places, as on 
the knob about 3 miles west o:f north of Caledonia and on the 
south sid~ of Big River, the rhyolite porphyry contains a con-
siderable amount of black specular hematite which lines the walls 
of vugs. 
~luorite frequently accompani0~ the iron mineralization as 
is exemplified by drill· cores from section 8, T. 39 N., R. 1 w. 
Pyrite is connnon in the rhyolites aphanites,. where it 
occurs as small disseminated cubic crystals. On the outcrop 
the pyrite is removed by oxidation and converted to goeth~te. 
Py~ite is less abltndant in the trachyt~c aphanities but at 
Indian Creek it occurs as cubes in fractures filled with either 
calcite or quartz. 
While sphalerite i~ known to be disseminated in rhyolite 
porphyry at Annapolis, no such occurrence of sphalerite was 
observed in Washington County. 
Galena was found in one system of quartz veins cutting 
trachyte tuff in section 26, T. J? N., R. 1 E. The amount is 
small and cannot be considered as a possible source 0£ 1ead in 





Key to Thin Section Descriptions 
Mi-No. Locati.on 
1 Sec.36, T38N,RlW 
Depth 




2 NE NE NE Sec.to, T38N,R1E 50W154 921 Trachyte (altered) 
3 SW SE Sec.J, TJ8N,R1E 49 W1J7 1058 Trachyte 
4 SW SW S~ Sec.3, T38N,R1E 5ow133 941 Arkosic dolomite 
5 SE SE Sec.J, TJ8~!,R1E 49W91 866 Trachyte 
6 SE SW SE Sec.J, TJ8N,R1E 49W'1J2 1016 Porphyritic trachyte 
7 SW SE Seo.J, TJ8N,R1E 5ow177 946 Vuggy trachyte 
8 SE SE Sec.5, T39M,R1W 54W68 1591 Silici:fied lava 
9 SE SE Sec.5, TJ9N,R1W 
1 O 1\"'1v NE Sec.~, T39N, R1W 
tt ~~v NE Sec.8, TJ8N,R1W 
12 NE SE Sec.J, T38N,R1E 
13 SW SE Sec.24, TJ9N,R4E 
14 NE SE Sec.22, T39N,R4E 
15 NW SW Sec.23, T39N,R4E 
16 NE SW Sec.23, TJ9N,R4E 
1? NW SW Sec.23, TJ9N,R4E 
18 NW SW Sec.23, T39N,R4E 
19 NW SW Sec.23, TJ9N,R4E 
20 SW NE Sec.23, T39N~R4E 
21 SW NE Sec.23, TJ9N,R4E 
22 SW NE Sec.23, TJ9N,R4E 
23 NE SE Sec.22 1 TJ9N,R4E 
54W68 1810 Magnetite, etc. 
53w24t 1600 Meta-diabase 
53w24t 1500 Biotite quartz granu1ite 
51W41 556 Vueey trachyte 
51w63 1248 Siliceous rhyolite 
52W145 1218 Oxidized trachyte 
53w525 1192 Siliceous lava boulders 
53w525 1220 Porphyritic rhyolite 
53w525 1234 Rhyolite porphyry 
.'>2W525 12 t 2 Trachyte boulders 
53w525 1218 Breccia conglomerate 
53w363 1399 Flow breccia 
53w363 1398 Tracbyte 
53w363 1410 Flow lava 
5JW145 1238 Flow lava 
.Mi-No. Location 
24 NW SW Sec.23, T39N,R4E 
25 · NW SW Sec.23, . T39N,R4E 
26 NW SW S~c.23, TJ9N,R4E 
27 N\,T SW Sec.23, T39N,R4E 
28 NE SE Sec.22, T39N,R4E 
29 :NW SW Sec. 23, T39N, n4E 
30 NW' SW Sec.23, T39N,R4E 
31 1\1"\v SW Sec. 23, TJ9N, R4E 
32 l\1"W SW Sec. 23, TJ9N, Rll·E 
J4 Bonne Terre Knob~ Bonne 
Terre, Mo. 
35 Bonne Terre Knob 
36 Bonne Terre Knob 
37 Mitchell Knob T 
Mitchell Mine No. 8 
38 Mitchell Anob II 
39 Mitchell Knob III 
41 SE NW Sec.25, T40N,R4E 
42 mv SW Sec.23, TJ9N,R4E 
43 NW SW Sec. 23, T39N ,RLl,E 
t.f.4 NW SW Sec. 23, T39N·, R4E 
~5 Hayden Creek 
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Depth 
Hole No. in Rock type 
:feet 
53w61 1298 Trachyte porphyry 
53W525 . 1209 Trachyte lavn 
54w139 1190 Perlitic trachyte 
54W139 1193 Trachyte lava 
54WJO 1182 Pyroclastic trachyte 
54W139 1150 Pyrocla.stic trachyte 
54w139 1175 Trachyte :flow 
51.J.W1J9 1145 Trachyte lava 
5LJ.w139 1200 Trachyte lc'.va 
54w139 1166 Fine grained. trachyte 
Underground Grani.te 
Underground Pegmatitic rhyolit·e 
Underground · Polyeonal rhyolite :flow 
Underground Rhyoli te porphyritic ·1ava 
Underground Siliceous rhyolite . 
Underground Flow rhyolite 
SU-3 1563 Porphyritic rhyolite 
54W139 .1238 Hornblende gabbro 
.54,'1139 1207 Diabasic gabbro 
.54W139 1206 Trachyte lava 
Underground Graphic granite 
S8 Hayden Creek (..\~eries to show weathering} Graphic granite 
,9 Hayden Creek Underground Graphic granite 
,O Hayden Creek Graphic granite 
61 Hayden Creek 
62 Hayden Creek 
~3 Franklin Co., T41N, R2W 54W90 
64 Hayden Creek 
_74 Little Pilot Knob Sec. 36, Potosi 1 
77 SW Sec.28, T3?N,R4E 
78 Swi. tch &.ck Knob, Lf::: ,J ,,?. 
79 Bonnete~re 3, Sec.30 
80 Sec.29, TJ6N,R4E 
43L1249 
43L1299 · 
Cedar Creek 7 Hughes Mountain 
81 SW NE Sec.28, T36N,R4E 
82 NE NW Sec.to, T3.5N,R4E 
83 NE NE Sec.28, TJ6N,R4E 
84 Sec.6, T.J6N,R3E, One mile east of 
















Sec.34, Sur.3274, T3.g1'r, R2E 
Sec.4, T16N,R2E 
Sec.9, TJ6N,R2E 
Sec.31, Potosi 4 
Sec.2.5 T40N,R3W . 
108 NW NE SW Sec.12 T3~N,R2E 46W29 1600 
109 N1':" NW Sec. 25 T40N,R3W 
122 SE Sec.26 T37N,R1E 



























In ord(:)r to have a. uni'fied system of" names for the rocks .; , 
/ ' ' 
,' . -' : ' 
encountered, Grout 11 wa.s · followed.; i .n the case of ~ trachy!,.,t'·~ 
-------------.. ..... ~ ............. . ._............ ~ .....-.-...~ ..... ·-4 -1• -.. _....,......~ .......... ..--·-·--------------~ .... . ~ ..... .---:>.- · . .,.. 
11 Grout, F. F., op. cit. 
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the term was restricted to those -rocks which on examination of 
a thin section contained less than 10 per cent quartz. 
The terms porphyritic and porphyry were used ?.s -follows I 
Porphyritic fo~ those sections which .when examined, and the 
percent phen-0crysts versus groundmass determined by the use 
of a Wentworth staee, contained less than 25 percent of 
phenocrysts. Porphyry was restricted to those calcvl~ted 
to contain over 25 percent of phenocrysts. 
Where determinations of extinction aneles, 2V., etc. are 
cited, this work was cowpleted with the use of a universal 
stage. It was :further noted by the use of the Universal 
staee that the percent of plagioclase versus orthocla~e 
could not be determined accurately witl1 the Wentworth 
stage as the plagioclase feldspars were so oriented as to 
show the twinning striati~ns only about 3/4 of the time. 
.· Thin-Section Number: Mi-1 
Rock Names Trachyte Porphyry 
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Locality: Sec. )6, T. 38 No, R. 1 w., sur:face sample 
Megascopic Descriptionl This is a rock with a dense dark gray 
groundmass, porphyritic :feldspar .and magnetite. The feldspar 
is euhedral to subh.edral and green colored suggesting altera-
tion to saussurite. Magnetite is irregular and unoriented. No 
quartz can be seen in the hand specimen. The rock breaks 
jaggedly and weathers rounded. This rock is exposed over a 
large area on Little Pilot Knob and. surrounding knobs. There 
are three good outcrops ·of small areal extent as shown on Map 
No. 1. These outcrops are topographic highs and are :flanked 
by the Gasconade :formation. 
Microscopic Description: This i .s an inequigranular rock with 
an aphanitic ground.mass containing phenocry.sts oC augite and 
plagioclase. The augite occurs in green, prismatic crystals 
internally altered to penninite and marginally uralitized to 
hornblende. The groundmass consists oC an intergrowth of 
minute grains of irregular, anhedral orthoclase. A coarser 
Celdspar in-the form of phenocrysts has an index slightly above 
balsam and extinction ·angles corresponding to ·oligoclase. The 
plagioclase :feldspar is clear or clouded due to high develop-
ment of sericite. Magnetite is plentiful, ranging Crom :fine 
disseminated octahedrons to large irregular gra~es. Remnants 
of altered sericitized :feldspar and augite are included in 
magnetite indicating a late introduc~ion of this iron oxide. 
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Much of' the feldspar present is altered to epidote, chlorite 
and sericite, all of' which are intergrown. Some of the seri-
cite is large enough to be termed muscovite and as such shows 
a herringbone-like structure within the f'eldspar. A f'ew small 
scattered grains of apatite usually are concentrated near por-
tions of' the feldspar showing maximum alteration. A given 
piece of' this rock can be oriented, with the aid of a galvano-
meter and a large coil, in such a way as to make possible deter-
mination of' the attitude in the field. The rock causes a mag-
netic high wherever it occurs. 
-Figure 31 4ox Uralitic Hornblende 
Thin-Section Numbe~: Mi-2 
Rock Name: Altered Porphyritic Trachyte 
Locality1 NE 1/4, NE 1/4 NE 1/4 sec. 10, T. )8 N., R. 1 E., 
Hole No. 5ow154, Indian Creek, Depth 921 feet. 
Megascopic Descriptions This rock has a grayish b1ack aphanitic 
ground.mass with phenocrysts of moderately red, greenish to 
limped gray f'e1dspar up to 1.5 mm 1ong. The phenocrysts show 
alignment and corrosion as though f1owage had taken place since 
they were crystal11zed from the lava. Some quartz is present 
but it f'il1s amygdaloidal cavities. Euhedral pyrite crystals 
about 1 IDlll on edge are scattered through the rock. The rock 
has been fractured and these fractures are fil1ed with calcite. 
Microscopic Descx-i.ption: The specimen is inequigranular, with 
a microerystalline ground.mass containing large feldspar pheno-
crysts and rounded amygdules of quartz. The groundmass consists 
predominantly of very fine-grained orthocl"~se which is parti-
ally replaced by an aggregate of magnetite rods. This magne-
tite forms a mesh of' tiny fibers or rods (trichites) through 
the groundmass and along the fractures and grain boundaries. 
The amygdules contain strained quartz which includes magnetite, 
orthoclase, and shreds of sericite. The feldspar phenocrysts 
· , 
show Carlsbad twinning and in the main are judged to be prj-
dominantly orthoclase. This orthoclase contains numerous 
shreds of chlorite and carbonate. The feldspar phenocrysts, 
as well as the fine-grained ground.mass of' :feldspar, is highly 
sericitized. Pyiite is the last mineral to have been intro-
duced into the rock. 
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Originally the ,matrix probably was a glass which recrystal-
. lized. when the magnetite and the quartz were introduced. The 
magnetite is conoentrated along the walls of' fractures and 
spreads outward into the rock from these fractures. The quartz, 
which includes magnetite, filled the amygdaloidal cavities in 
the lava and was introduced after the rock had solidified. 
Figure 32 40X Amygdule of' Quartz 
The above photomicrograph shows an amygdule of' quartz 
with a center of' shreded sericite. The grou~drnass is a very 
fine mixture of quartz ,feldspar,and magnetite.A sericitized 
albite phenocryst shows in the le~t corner. 
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Thin-Section Number: Mi-3 
Rock Name: Altered Porphyritic Trachyte 
Locality: SW 1/4 SE 1/4 sec. 3, T. )SN., Re 1 E., Hole No. 
49Wl3?, Indian Creek, Depth 1,058 feet. 
Megascopic Descriptions This rock is a moderately red por-
phyritic trachyte containing reddish feldspar phenocrysts and 
patches of crystalline gray dolomite derived from the over-
lying Bonneterre formation. Quartz amygdules are also present. 
M_icroscopic Description: This holocrystalline, inequigranular 
rock is a very fine-grained, aphanite with a moderately red 
ground.mass. The groundmass consists o _f very fine-grained 
feldspar which is badly stained with red hematite. Magnetite 
in the form of fine to coarse irregular grains partially re- · 
places the groundmass. Lath-like orthoclase crystals about 1 
mm long forn, the, .. phenocrysts. They have a sharp euhedral out-
line and exhibit 6arlsbad twinning. The rock contains numerous 
amygdules of mosaic quartz which are generally surrounded by a 
carbonate ring and in some the centers are filled with this 
carbonate. Some rounded vugs are calcite-lined and probably 
were amygdules not filled by quartz. Pyrite crystals with 
euhedral outlines and including sericitized orthoclase indicate 
a late introduction of iron sulfide. The quartz within the 
amygdules contains tiny acicular inclusions with extinction 
angles close to 40° and a refractive index greater than . quartz. 
This mineral could not be determined even with the aid of an 
oil immersion lens. Some apatite ~s present as an accessory 
m~neral. 
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Figure 33 40X Sericitized Carlsb•d Twinned Feldspar 
The above figure shows a carls~ad twin set in a finely 
divided groundmass of feldspar and hematite. 
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Thzn-Section Number: Mi-4 
Rock Namel Arkosic Dolomite 
Localitya SW t/4 SW 1/4 SE 1/4 sec. 3, · T. 38 N., R. 1 E., 
Hole No. 5ow133, Indian Creek, Depth 941 £eet. 
Megascopic Description: This rock consists ·of angular and 
. 
partially rounded f'ragments of p~rphyritic trachyte about the 
size of' coarse sand grains cemented by medium gray, crystalline 
dolomite. It is the top several inches above the solid igneous 
rock basement. 
Microscopic Descriptions The rock consists 0£ angular to 
subrounded fragments of' porphyritic trachyte and quartz cemented 
by fine-grained dolomite. The rock fragments vary in size up to 
20 nun. Fine pyrite and dolomite fill the interstices. Rounded 
quartz sand grains and clusters of angular to subrounded quartz 
are present as well as a quartz showing an odd, ·needle like 
appearance within the fine f'eldsp~r matrix_ of a given fragment. 
Epidote and chlorite are also present as alteration products • . 
Ilmenite and the alteration product leucoxene are f'ound within 
the fragments. 
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The f'o1lowing photomicrograph shows the texture of' 
this section. 
Figure )4 40X Dolomite Cemented Conglomerate or Arkose 
This photomicrograph of' a dolomite cemented arkose 
excentuated the angularity and lack of' wea·thering of' the 
t .racbytic :fragments making up the large portion of' the rock. 
The opaque areas are hematite f'illed. 
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Thin-Section Number: Mi-5 
Rock Name Porphyritic Trachyte 
Localityl SE1/4,SE1/4 Sec. 3 T. 38 N. , ·R. 1 E. Hole no. 48W91 
., ·, "\ . 
Megascopic Description, A holocrystalline, ineqJttranular 
! .: ··J' :: ;'·~:,;~! • •. 
- >.~;! 
rock with a groundmass· of dark aphanitic angular inater1a1 
containing considerable magnetite and some pyrite,moderate 
reddish orange :feldspar phenocrysts up to 2 mm~ .; an~ grayish, 
olive f'eldspar ·up to ?nun. in length comprise the phenocryats. 
The rock is cut · by vefns . of' reddish fel~spar about one milli-
meter wide. 
Microscopic Description, Under the microscope the rock is 
observed to be holocrystalline,inequigranularwith a ground-
mass of' orthoclase laths which are bordered by magnetite grains. 
The subhedral feldspar laths ,are elongated and about .2 mm. 
long. The feldspar in the phenocrysts is · both orthoclase and 
albite. The :feldspar is sericitized and kaolinized and bordered 
and invaded by magnetite. Some of' the phenocrys-ts are :fractured 
and :filled with chlorite and magnetite.Pyroxene remnants showing 
cleavage, about • .5 mm. long, represent altered original 
phenocrysts. These phenocrysts are now f'or the most part chlorite. 
A. photomicrograph ( Figure 35) on the next page shows the 
texture of the groundmass. 
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Figure ,s 40X Trachytic Textured Groundmass 
Thin-Section Numbers Mi-6 
Rock Name: Porphyritic Trachyte 
Localityl SE 1/4 SW t/4 SE 1/4 sec. 3, T. 38 N., R. 1 E., 
Hole No. 49w132, Indian Creek, Depth 1,016 feet. 
Megascopic Description: This is a brownish-black rock slightly 
porphyritic containing occasional fractures filled with calcite. 
Microscopic Des·cription: This trachytic textured rock contains 
about 80 per cent of a mesh of tiny ·1aths 0.1 mm long in a dense 
ground.mass. Phenocrysts constitute 20 per· cent of the rock. 
The maximum extinction angle on the phenocrysts is 20-25° indi-
eating that some of the phenocrysts are andesive. Fine-grained 
biotite, opaque kaolin, magnetite, and hematite are present 
to the extent of about 10 per cent. Some calcite and sericite 
occur in irregular large spots, bladed, matted, and scattered · 
through the feldspar·, as well as veining it. Associated with 
the sericite is schorlite in radia1 fibrous aggregates. In a 
single thin section a few grains of hornblende partially altered 
to chlorite and tiny crystals of apatite are present. 
ll6 
Figure 36 Diabas~c Texture 
The above photomicrograph shows the diabasic texture of 
the feldspar laths with~n the rock. The considerable amount 
of magnetite present is well shown by the dark opaque areas 
with irregular outlines. 
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Thin-Section Numbers" Mi-? 
Rock Names Borphyritic Trachyte 
Locality& SW 1/4 SE t/4 sec. 3, T. 38~., R. 1 Eo, Hole No. 
SOWl??, Indian Creek, Depth 946 feet. 
Megascopic Descriptions A holocrystalline, inequigranular rock 
with kaolinized, grayish and. orange-pink subhedral feldspar. 
phenocrysts. The rare f'resh f'e1dspar is light red. The ground-
mass is aphanitic, dark, brownish-black and probably is a re-
crystallized glass. Chlorite spots · occur in sheets, as does 
.'mica. 
Microscopic Description: The porphyritic trachyte contains 
euhedral albite, orthoclase, and altered pyroxene. The plagio-
clase phenocrysts are 1 mm long and are set in a trachitic 
groundmass of' small crystals of' albite. What appear to have 
been pyroxene crystals now are pseudomorphs of dull green 
chlorite. Hornblende crystals about 0.5 mm long now are com-
posed of' cores of epidote. There are numerous vugs a .nd vein-
lets filled with quartz and biotite and small apatite needles. 
Magnetite in f'ine and coarse grains replaces the chloritized 
pyroxenes. Much of' the magnetite follows grain boundaries and 
probably was introd~ced hydrothermally arter the formation of' 
epidote. 
Feldspar phenocrysts make up about 30 per cent of the rock; 
altered pyroxene 7 per cent; fine feldspar g~oundmass ·SO per cent1 
f'illed vugs S per ce~t. Minor minerals included in the section 
are hematite and apatiteo 
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This rock appears to have been a normal trachyte with some 
silici:fication and hydrothermal alteration. 
Figure 3? 4ox Large Broken Euhedral Feldspar in Trachytic 
matrix. 
Thin-Section Number: Mi-8 119 
Rock Namel Porphyritic Rhyolite 
Locality: SE 1/4 SE t/4 sec. 5, T. 39 · N., R. 1 w., Hole No. 
54W68, Brazil Creek, Depth 1,590 feet. 
Megascopic Description, The greasy to porcellaneous, reddish-
brown, slightly propbyritic rook has an aphanitic groundmass 
in which are embedded a few small subhedral reddish feldspar 
phenocrysts, pyrite cubes, and irregular magnetit- patches. 
Minor fractures in the rock are filled with vein quartz. 
Microscopic Description: The rock has a very fine aphanitic 
groundmass colored brownish by dusty-appearing limonite in which 
are irregular patches of coarser granular quartz showing some 
linearity or flow structure suggesting crystallization in the 
plastic state. The quartz occurs in small irregular grains 
associated with occasional subhedral feldspar laths which are 
invaded by green chlorite. The chlorite is an alteration of 
biotite. The few anhedral feldspar phenocrysts which are 
present have a maximum length of 0.05 mm and are replaced by 
quartz. Some carbonate replacement of the feldspar also has 
taken place. Small patches and crystals of magnetite and pyrite 
appear to be associated with patches of ch1orite and quartz and 
to cut the groundmass and the other minerals. Octahedral magne-
tite is common. Tiny zircons are numerous. A small patch of 
pleochroic muscovite and several barite crystals were o~served. 
~uartz was crysta11ized late and much of it was introduced after 
the rock had solidified. 
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Th~n-Section Number: Mi-9 
Rock Names Altered Lava 
Locality: SE 1/4 SE t/4 sec. 5, T. 39 · N~, R. 1 w., Hole No • 
.54W68, Brazil Creek, Depth 1 1 810 :feet. 
Megascopic Description: Coarse intergrowths oC apatite, magne-
tite, and :fine quartz :form a ho1ocrysta11ine phan~:f;·· rock. 
The apatite is brownish red which, contrasted to the black 
magnetite, gives the rock a speckled appearance. Small patches 
and grains o:f pyrite are scattered through the rock and are 
visible with a h~nd lens. 
Microscopic Description: A large percentage oC the rock is · 
composed oC :.Jlp&t~te which contains tiny crystals o:f a highly 
birefrigent mineral with inclined extinction, probably sphen•, 
as well as inclusion• o:f euhedral quartz and small zircons. 
Magnetite masses invade, surround and enclose the apatite and 
appear to be later than the apatite. Qua~tz crystals exhibiting 
zonal growth and containing apatite inclusions exhibit . a mutual 
orientation to the apatite. There are minor amounts o:f carbonate 
present. Some o:f this carbonate is contained as :flakes within 
the apatite. A little chlorite is present. The quartz is of" 
two size rangesl One, the original phenocrysts now zoned1 and 
· , 
the other, which is :finer, replaces portions o:f the original 
rock. The quartz occurs principally in mosaic patches of' an-
hedral grains which invade the apatite and appear to be.contem-
porary with magnetite. This rock is believed to be part o:f 
the crystalline basement giving rise to the large magnetic high 
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within this area. The apatite contains numerous inclusions which 
with a magnification of 800X appear to be liquid and gas filled 
vessicles. This accounts £or the rapid decrepitation of the 
apatite when it is heated before the blowpipe. Apatite is in-
cluded in quartz and quartz is included in apatite. The quartz 
containing apatite is later than the finer grained quartz in-
cluded in the apatite. 
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Thin-Section Numbers Mi-10 
Rock Namel Altered Diabase 
Localityl NW 1-/4 NE 1/4 sec. 8, T. )9 N., R. 1 w., Ho1e No. 
S)W241, Depth 1,600 feet. 
Megascopic Description: A dark green rock with small feldspar 
laths, cut by veinlets of calcite, chlorite and magnetite. 
Microscopic Description: The holocrystalline rock containing 
feldspar laths 0.2 to 1.0 nun set 1n· a matrix of similar material 
and magnetite. The laths have an index just above balsam and 
proved to have extinction angles (as measured by the universal 
stage) of 28°. Most of the feldspar laths are sericitized. 
The sericite has been introduced along one prismatic c1eavage 
direction or along prismatic bracky pinacoid. Magnetite in-
troduced a1ong prismatic and pinacoidal cleavages in feldspar. 
Magnetite,in irregular ~usty patches and specks with occasional 
crystals, has crystallized along the boundaries of the labra-
dorite and even along twinning planes. Veinlets of calcite, 
sericite, and chlorite cut at random through the section. 
Magnetite replacing feldspar is evident. The very Cine-grained 
calcite along with serici·te in the matrix and in feldspar 1aths 
represents some alte~ation of the rock. This diabasic dike 
evidently was injected prior to the mineralizatio~ by magnetite 
as shown by the alteration of the rock. 
J.23 
Thin-Section Number, Mi-11 
Rock Name: Biotite Quartz Granulite 
Locality: NW 1-/4, NE 1/4, sec. 8, T. · 38 N., R. 1 w., Hole No. -
.53W241, Brazil Creek, Depth 1,500 :feet. 
Megascopic Description: A dark gray, subvitreous, :fine-grained 
quartzite with a greasy luster. 
Microscopic Descriptions This holocrysta1line rock is composed 
a1most entirely o:f anhedral quartz ·grains with an average dia-
meter o:f 0.5 mm., and :fine poligonal scales o:f a pleochroic 
micaceous mineral with parallel extinction and high bire:frigence 
presumab1y one o:f the biotites. This biotite is intergrown with 
the quartz and is distributed along grain boundaries and appears 
to invade the quartz. This biotite shows subhedral outlines. 
A :fe~ specks o:f magnetite and small zircon grains are present. 
The tiny biotite :flakes make up 10 per cent o:f the rock. This 
appears to be a metamorphosed sandstone, probably of' pre-
Cambrian age. It is overlain by Lamotte sandstone. .Smal1 rods 
o:f apatite are sparingly included h quartz. The quartz contains 
many minute liquid and gaseous inclusions as seen with the aid 
o:f an oil illDllersion lens with a magnification o:f aoox. 
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Thin-Section: Mi-12 
Rock Name: Vuggy Trachyte 
Locality: NE 1-/4 SE t/4 sec. 3, T. )8 N., R. 1 E., Hole No. 
S1W41, Depth 556 feet. 
Megascopic Description: A porphyritic trachyte with variously 
colored feldspar phenocrysts of moderate size (O.l mm). Colors 
vary from pink to olive green in a dark, aphanitic ground.mass. 
An occasional pyrite cube can be seen • 
. Microscopic Descriptions The holocrystalline rock contains 
euhedral, anhedral and corroded feldspar phenocrysts (albite) 
with an index well below balsam scattered through a fine-grained 
feldspar ground.mass. The interiors, Carl_sbad twins on pheno-
crysts of the phenocrysts, are alte~ed to sericite from the core 
out with the margin fresh. Abundant apatite is present in the 
ground.mass. Some feldspar shows good Carlsbad twinning, a_nd is 
j~dged to be orthoclase. Rutile occurs in clusters of tiny 
yellow crystals. Some irregularly shaped hmnatite may suggest 
pseudomorphs after magnetite or pyrite. Vugs with sericite and 
quartz and biotite terminate with fractures filled with quartz. 
Some very small zircons are present in the ground.mass. Hematite 
is deposited on the_grain boundaries. Minor amounts of chlorite 
are included in the ground.mass. 
Thin-Section Number: Mi-13 
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Rock Namel Silicified Rhyolite Porphyry 
Loca~yl SW 1/4 SE 1/4 sec. 24, T. 39 N., R. 4 E., Hole No. 
51w63, Depth 1,248 feet. 
Megascopic Description: A mottled, purple and white porphyritic 
rhyolite exhibiting flow bands of' feldspar containing tiny, 
brownish quartz crystals .which look like oolites. Fracture 
sur£aces in the rock are kaolinized. 
Microscopic Descriptions A holocrystalline inequigranular rock 
with fine-grained phenocrysts of' feldspar and quartz set in a 
fl.ow banded grounclmass of tiny quartz and :feldspar. The quartz 
shows very strong banding with a curving _and twisting accentuated 
by the dark iron oxide it . carries along. There are xlosed ioops, 
often containing feldspar phenocrysts, and apt to be edged by 
a rim of' well crystallized, clear quartz. These also crosscut 
veins of' clear quartz and carbonate. The ground.mass is largely 
made up of' semi-_hexagonal or polygonal ghosts (O. lmm) ., which are 
apparently quartz and feldspar clouded with tiny sericite. Some 
polygons are different aggregations of' tiny feldspar laths 0.01 
mm. Others look like cloudy quartz and give a dull quartz inter-
ference figure. The remnants of' albite are cut by the later 
quartz veining. Where a vein cuts the ~eldspar, the feldspar 
becomes a more calcitic variety than the original. 
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Thin-Section Number: Mi-14 
Rock Names Oxidized Trachyte 
Locality: NE l/4 SE 1/4 sec. 22, T. 39 N., R. 4 E., Bole No. 
52Wl45, Depth 1,218 feet. 
Megascopic Description: A highly altered, inequigranular, bolo-
crystalline rock with chloritic appearing feldspar phenocrysts 
J mm long set in a fine-grained, yellowish gray ground.mass which 
includes pyrite and kaolinized feldspar laths. 
Microscopic Descriptions The ground.mass of the rock consists 
principally of mats of orthoclase feldspar laths about 0.1 mm 
long having an index similar to the balsam. Several large 
feldspars in one area :are all very badly .ser·ici ti zed and in 
some cases completely altered. There are clumps of small, 
green, biotite crystals and magnetite and hematite are scattered 
throughout the slide. Some small disseminated grains are prob~bly 
quartz. Fractures are filled with fine quartz, limonite and 
chlorite. These fractures cut all other minerals. This trachyte 
is badly oxidized. 
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Thin-Section Number: Mi-15 
Rock Name: A Boulder of Siliceous Lava, Probably Rhyolite 
Localityl NW 1/4 SW t/4 sec. 23, T. 39 N., Ro 4 E., Hole No. 
53 w525, Depth 1,192 feet. 
Megascopic Descriptions This dark, aphanitic rock shows dis-
tinct lineation of light colored inclusions. The rock has a 
flinty appearance and a conchoidal fracture. 
Microscopic Descriptions The thin section shows predominant 
microlites of feldspar about 0.01 mm long and green biotite, 
as well as abundant tiny magnetite crystals 0.02 mm which are 
scattered throughout the ground.mass. The entire rock is veined 
by vein-type quartz with some sericite and biotite. Some a~eas 
of' very fine mosaic quartz and chlorite are present. Orthoclase 
phenocrysts are widely scattered. The phenocrysts show Carls-
bad twinning and contain numerous inclusions. The ground.mass 
contains much opaque clay, pyrite, magnetite, and a fine inter-
stitial sericite. Some hematite is present. Magnetite is 
present to about 5 per ·cent. This dark lava owes much of its 
color to the finely divided magnetite. 
An analysis of this rock follows in Table 11. 
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Table 11 - Analysis of the Siliceous Lava of Mi-15 
(A1 Rice - Analyst) 
5103 · 58.4 
Al 3 0 3 16.2 
Fe3 0 3 10.6 
Ti03 1.25 
MnO .oa 
CaC 2 • .5 
MgO 1. '7 
Na3 0 4.1 
K 2 0 1. '7 
s tr 
Pa Os .44 
C02 1.0 





Thin-Section Number: Mi-16 
Rock Name: Flow-banded Porphyritic ~yolite 
Locality: NE t/4 SW 1/4 sec. 2), T. )9 N., R. 4 E., Hole No. 
5)¥525, Depth 1,220 :feet. 
Megascopic Description: A purplish mottled rock with strong, 
wavy, f'ine, :flow-banding. 
' 
Microscopic Descriptions This is a micro:faulted and brecciated, 
:flow-panded rhyolite containing plagioclase phenocrysts. These 
phenocrysts are 0.5 non to 1.0 mm long and are albite. They 
are generally ragged edged suggesting f'lowage. Large amounts 
o:f calcite occur within and adjacent to the flow bands. Aggre-
gation of' minerals around phenocrysts during f'lowage has given 
a snowball e:ff'ect. Quartz occurs in the :fractures, as well as 
in the :fine ground.mass and occasionally :forms phenocrysts. The 
darker :flow bands contain much finely diyided hematite. Apatite 
is present in the groundmass as small individual .crystals. Py-
rite crystals also occur as well as• little sphene. This :flow-
banded porphyritic rhyolite appears to have :flowed just prior to 
consolidation. 
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Thin-Section Number: Mi-17 
Rock Namel Silicified Rhyolite Porphyry 
Localityt NW t/4 SW 1/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
53 w525, Depth 1,234 :feet. 
Megascopic Description: A reddish porphyry with prominent 
wavy, :flow-banding which is enhanced by thin white streaks o:f 
:fe1dspar which paralle1 ·the :flow lines. 
Microscopic Description: This aphanitic porphyry contains about 
10 per cent :feldspar phenocrysts about which :f1ow lines are well 
developed. The :feldspars consist o:f both albite and orthoclase. 
About 60 per cent o:f the ground.mass is very :fine microlitic 
:feldspar which is slightly sericitized, patchy and streaky. With-
in the groundmass are irregular or lenticular pods o:f quartz 
which parallel the :flow-banding. The individual quartz grains 
are 0.1 nun in diameter and occasionally :form spotty aggregates 
o:f irregular shape. Quartz also :forms rims around the :feldspar 
grains. Fine, dusty hematite pervades the rock and occasionally 
is clustered in aggregates 0.1 nun in diameter. In these aggre-
gates it :ls associated with very :fine, black magnetite. Seri-
cite is prevalent in the :fractures in the rock and is dissemi-
nated through the :f~ne :feldspar o:f the ground.mass. This appears 
to be partially silici:fied :flow in which quartz was introduced 
at a late stage. At depth the rhyolite porphyry becomes more 
crystalline/ 
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Thin-Section Number: Mi-18 
Rock Name: Altered Rhyolite Port)hyry _Flew 
Localityr NW 1/4 SW t/4 sec. 23, T. 39 N., Ro 4 E., Hole No. 
53w525, Depth 1,212 feet. 
Megascopic Description: A rather coarse, f'low-banded reddish 
purple, rhyolite containing pink feldspar aligned to the f'low-
age with no visible quartz. 
Microscopic Descriptiona This inequigranular, holocrystalline 
rock contains rounded and corroded albite and orthoclase pheno-
crysts in a f'ine-grained, dark groundmass of' mosaic quartz and 
feldspar. Shreds of' chlorite and many very small crystals of' 
apatite are scattered through the groundmass. A large amount 
of' other accessory minerals are present. These are predomi-
nant1y hematite, sericite and abundant green biotite. Streaks 
parallel to the general structure are composed of' tiny, green 
biotite flakes. The rhyolite, when originally f'ormed, was a · 
flow which was noticeably void of' quartz phenocrysts. 
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Thin-Section Number: Mi-19 
Rock Name: Angular Conglomerate 
Localitya NW t/4 SW t/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
53w525, Depth 1,218 feet. 
Megascopic Description1 This angular conglomerate contains 
fragments of' a dense, dark, igneous rock cemented by dense dolo-
mite. This rock represents former unconsolidated material which 
rested upon the solid basement. 
Microscopic Description: The dolomite cement has a grain size 
of about o. 1 nun. The matrix encloses many small angular to 
rounded pebbles of' various kinds of' porphyry, including a very 
dark green, fine-grained one. Some fragments include -pieces 
which ar~ flow-banded and stained with hematite or contain 
hematite grains. The feldspars in the porphyritic varieties 
are now completely sericitized. A quartz mosaic outlined with 
a later carbonate as well as some chlorite can _ be seen. · Ir-
regular grains of' pyrite are visible. An angular conglomerate 
cemented with dolomite which was formed about the time of' the 
deposition of' the 19th zone in the district. The rock probably 
is the result of' the accumulation of' angular fragments of' ig-
neous rock on a pre-9ambrian ridge. These fragments were cemented 
by limestone or dolomite as the Cambrian area covered the ex-
po sure. 
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Thin-Section Numbers Mi-20 
Rock Namel Flow Breccia (Trachyte) 
Loca1ity: SW 1/4 NE t/4 sec. 22 1 T. 39 N., R.4 E., ~ole No. 
53w525, Depth 1 1 399 feet. 
Megascopic Description.a A dense, dark apparently aphanitic 
rock. 
Microscopic Description: This is a trachyitic textured flow. 
About 75 per cent of this dark, very fine-grained, fragmental, 
holocrystal1in~ volcanic rock consists of microlites of feldspar 
0.1 mm long. These are oriented in accordance with the f1owage 
but the included fused f'ragments of' other rock are diversely 
oriented. Some of these pieces exhibit a herringbone pattern, 
accentuated by very fine, black hematite. Visible quartz is 
confined to a few irregular interstitial patches in which are 
numerous small cavity f'illings consisting of subrounded, curved 
grains of' quartz. One fairly large, feldspar phenocryst attests 
to the presence of' a development of orthoclase. This rock may 
be a recrystallized tuf'f or it may represent the fragmentation 
of crust of a flow and the incorporation of the fragments in 
the flow iilself'. 
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Thin-Section Number: Mi-21 
Rock Namel A Conglomerate of Trachyte Porphyry Fragments Cemented 
with Dolomite 
Localityl SW 1/4 NE 1/4 sec. 22, T. 39 N., R. · 4 E., Hole No. 
5JWJ6J, Depth 1,397 feet, just above Mi-20. 
Megascopi.c Descriptions A dolomite conglomerate appears in sharp 
contrast with a very fine-grained, red-brown, porphyritic rock. 
Microscopic Description: A sectio·n cut from one of the porphyry 
fragments contains .85 per cent microlites of random feldspar 
laths, which are partially sericitized. Some of the sericite has 
developed to be larger than the feldspar laths. About 5 per cent 
of the section is composed of opaque grains which probably were 
magnetite originally but now are hematite. There is shown in the 
section a conglomerate of trachyte just above the surface of the 
annealed-breccia of trachyitic material. This fragment was fr~m 
a nearby high or the result of weathering of the neighboring 
rock with deposition on the solid below and cemented with 
dolomiteo 
Thin-Section Number: Mi-22 
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Rock Namel Silicified Porphyritic Trachyte 
Loca1ity: SW 1/4 NE 1/4 sec. 22 1 T. 39 N., R. 4 E., Hole No. 
53wj63, Depth 1,410 feet. 
Megascopic Description: A wavy, banded, reddish porphyritic 
aphanite containing aligned feldspar phenocrysts. 
Microscopic Descr~ption: About 10 per cent of this section con- . 
sists of angular and irregular feldspar phenocrysts 1.0 mm. The 
groundmass is aphanitic with about ?5 per cent secondary silicifi-
cation, having a pattern like mud cracks with grains 0.1 mm to 
0.3 mm across looking like clouded, mottled quartz and occasionally 
giving a vague quartz figure. Some 0£ these suggest the ghostly 
texture of feldspar microlites. About 5 per cent quartz in-bedded 
veins and lenses parallel to the flow bands. Some 10 per cent 
scattered, patchy s_ericite and hematite show a faint, dull red 
smear. The trachyte is silicified and the polygonal development 
probably or may have resulted from the shrinkage of the quartz. 
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Thin-Section Number! Mi-23 
Rock Name& A Flow Lava 
Localitya NE t/4 SE 1/4 sec. 22 1 T. ~9 N., R. 4 E., Hole No. 
52Wl4S, Depth 1,238 feet. 
Megascopic Descriptions This is a fairly coarse aphanitic rock, 
predominantly the same as Mi-22, with pin head eyes of quartz 
in a clearer matrix. 
Microscopic Description1 This section shows a holocrystalline rock 
essentially the · same as Mi-22 except that the polygonal areas are 
larger (0.2 mm) and there is less sericite developed. However, 
there is more hematite developed, including some fair sized grains 
and also a few diagonal quartz veins. This section shows the wide 
extent of the silicification process in the area. 
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Thin-Section Number: Mi-24 
Rock Name: Trachyte Porphyry 
Localitya NW 1'/4 SW t/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
5JW61, Depth 1,298 f'eet. 
Megascopic Description: This rock appears to be of' diabasic 
texture with feldspar laths more or less oriented and a dense 
green matrix. 
Microscopic Description: The thin·section shows the rock to be 
composed predominan_tly of' feldspar with i .ndex equal to balsam 
in rather unoriented, irregular, 0.5 mm laths associated with 
remnants of' pyroxene wmich have altered extensively to green 
amphibole (actinolite) and deep green chlorite. The chlorite 
is in part associated with magnetite and some sericite. Some 
pyrite has developed. A diabasic trachyte similar to those 
which make up the main mass of' Indian Creek Ridge may be an 
extension of' the same f'low or f'lows. 
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Thin-Section Number: Mi-2.S 
Rock Name: Trachytic Lava 
Locality, NW t/4 SW 1/4 sec. 23, T. :l9 N., Re 4 E., Hole No • 
.53w.52.5, Depth 1,209 feet (a boulder). 
Megascopic Description: This is very much like Mi-24, only a 
finer grained version. 
Microscopic Descriptionl This section shows more unoriented 
feldspar laths 0.2.5 mm, similar, but finer than Mi-24 without 
the associated pyroxene or tremolite. Abundant sericite is seen 
with some fairly coarse muscovite. A little quartz, in bunches, 
was probably introduced later since the hand specimen shows a 
vein cutting the rock sample. Some opaque pyrite with altered 
magnetite which now appears as hematite. This is a finer grained 
version of Mi-24 with lateral variations and weathering of the 
f'low. 
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Thin-Section Number: Mi-26 
Rock Namel Perlitic Trachyte 
Locality1 NW 1-/4 SW t/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
54WlJ9, Depth 1,190 f'eet. 
Megascopic Description: A shattered f'ine-grai.ned lava healed 
by greenish white veinlets of' serpentine-like material. The 
breccia of f'ine, dark lava appears to have undergone hydro-
thermal alteration. 
Microscopic Descriptions The section shows a dark lava with 
less veining than in the hand specimen. It is a perlitic lava 
•xcept f'or the f'ine-grained mass which is chief'ly composed of' 
feldspar thickly strewn with opaques, par_tly magnetite. The 
roundish perlitic structures 0.1. mm are f'aintly lined by curv-
ing rings, a slight sha.de dif'ferent. The vein matter is com-
prised of' pale chlo~ite of an odd, dark, green, polarization 
color, edged by fine quartz including blades of' actinolite which 
occurs in coarse masses (neg. large 2v; R greater . than V). A 
few sericite patches are seen in the lava. Blad~d sword-like 
orthorhombic carbonate (aragonite) occurs in the veinlets. 
One small f'eldspar phenooryst is of' the albite variety. This 
is a perlitic tracbyte breccia with hydrothermal veining. 
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Thin-Section Number: Mi-27 
Rock Names Trachyte Lava 
Localitya :NW 1/4 SW 1/4 sec. 23, T. 39 N., R. 4 w., Hole No. 
54w139, D~pth 1,193 feet. 
Megascopic Descriptions A greenish black, aphanitic rock con-
taining an occasional, ragged, pink, feldspar phenocryst. 
Microscopic Descriptiona This section is much like M1-26 with-
out the perlitic structure. It is comprised mostly of' f'ine 
microlites of' f'eldspar with included tiny, opaque, cubic crys-
tals of' magnetite. Saussuritized feldspar outlines and some 
plagioclase remnants are seen. Vesicles and small veinlets 
are filled with quartz, chlorite and some· actinolite. Some 
small orthoclase individuals; a. few stringy patches of chlorite 
and magnetite probably after another mineral no longer present. 
This specimen was not quite as close to the surf'ace but still 
contained vesicles of' the surface flow. 
Th:1.n-Seotion liumberl Mi-28 
Rock Name; Trachyte Pyroolast~c 
l .. oca1;ityl NE 1/4 SE 1/4 eeo. 22• T• 39 Ne, Re 4 E. t Bole 5o• 
.54w:,o, Depth 1.1a2 £-.t. 
Megascopi.c Descriptionl A f'ragm.4Jnta1 1 dark, ·apban.it1c rock 
vi.th an occasional ph•nooryst of f'eldspar. 
M.t.croacopic Descrj.ptiont The section shows the rook t~ be. 
compo•ed. 0£ f'in•ly divj.decl fragments, up · to) mm, wbiob are 0£ 
.much the same nature a6 the groundinass, exc•pt a darker oolor 
:from iron oxide. These £ragments show a banding £rom .£lowage 
and some show a good bladed traohytio babj.t. The largest one 
contains aaussuritiaed £e1dspare. 'ftlere i.s a1so a s11gbt vei.n-
1ng o~ quartz, a development 0£ aeric:l.te and epidote. Some 
smal.1 apatite individuals associated with magnetite and topaz. 
are surrounded by pyr1.te. A carbonate dev•loped in the v•ins 
and i.n proxim1.ty to th..-a (aragonite).· Some nearly opaque 
kaolin developed. Thi.• ls po·saibly a tuf'~ though mor• probably 
a pyroclastic f'low. 
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Thin-Section Number: Mi-29 
Rock Name: Conglomerate, Dolomite Cemented 
Locality& NW 1./4 SW 1/4 sec. 23, Te )9 N •. , R. 4 Ee, ·Hole No. 
,S4Wl39, Depth 1,1.50 :feet. Same hole as Mi-26 and Mi-2?. 
Megascopic Descriptions The diamond drill core intersected a 
sedimentary band occurring in boulders, with igneous r~ck on 
each side and dolomite in the center. A vug on one end contains 
dolomite, quartz, druse and a large calcite cyrstal across the 
center. One o:f th~ igneous boulder~ contains pink :feldspar 
· phenocrysts in 8: dark, aphanitic ground.mass; the other is com-
pletely aphanitic, dark. 
Microscopic Description: The section is .divided into two types, 
one an aphanitic side composed of' fine-grained microlitic :feld-
spar and sericite, and the other, more complex, shows many :fan-
like or arborescent structures marked by hematite lines and con-
ta:l.ning green :fans o:f chloritized :feldspar. The ground.mass 
contains some large compact altered crystals suggesting pyroxene 
shapes rimmed with hematite and some coarser opaque, which may 
be magnetite. Pseudophenocrysts o:f :feldspar surrounded by 
hematite can be seen as well as large areas :filled with quartz 
and containing carbonate needles and chlorite as well as some 
small topaz. Topaz is early corroded by th~ quartz. Quartz 
grains are strained due to inversion and shrinkage. The pyrite 
is a hydrothermal :filling o:f f'ractures, which were induc.ed by 
shrinkage and strain, and are now oxidized to limonite. The 
original glass ot the rock has recrystallized to a :flamboyant 
structure. The rock is a devitirfied trachyte boulder. 
Thin-Section Numbers Mi-)0 
Rock Name: Trachyte Flow 
Locality: NW i/4 SW 1/4 sec. 2), T. )9 N., a.· 4 E., Hole No. 
S4Wl)9, Depth 1,175 feet. 
Megascopic Description: A dark purplish lava with red aphanitic 
inclusions. This represents the core obt•ined twenty-five feet 
deeper than the specimen in Mi-29. 
Microscopic Description: The section shows this trachytic lava 
to consist of' a ·tine intergrown mat of' feldspar with sericite 
veining. Streaks and patdhes of hematite give the rock a marble 
cake effect and slight f'lowage can be noted in these dark streaks • 
• 
Sericite shreds, very minute i~ size, prevade the fine :feldspar 
matrix. This :feldspar matrix is composed of' micropoikilitic, . 
fine earlsbad twinned laths. Pyrite can also be ."i.denti:fied. A 
minor amount of' quartz is seen in the sericite veinill'lg. The 
rock is a trachyte flow containing heavily _hematized, oval 
inclusions of' _the same generat nature as gro~ndmass which is not 
as well saturated with hematite. It is this material that gives 
the rock its color variations. 
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Thin-Section Number: Mi-31 
Rook Name: Traohyte Lava 
Looalityl NW 1/4 SW 1/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
S4WJ39, D~pth 1,145 feet. 
Megascopic Description, A red gray, aphanitic flow-banded rock 
presents fractures visible in the sample. Reddish cast areas 
accentuate the flow bands. This may represent a large boulder 
intersected by diamond drilling. 
· Microscopic Description: This section, of an aphanitic material, 
is composed largely of a very fine feldspar and sericite heavily 
clouded by kaolin. It shows what is possibly a faint perlitio 
structure and some definite irregular flow-banding which is 
accentuated by the presence of a red hematite staining. A vein- · 
ing of quartz and carbonate on a microseale is present. This 
is a trachytic textured flow lava whose fractures are filled 
with small amounts of quartz and carbonate. 
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Thin-Section Number: Mi-32 
Rock Name: Trachyte Lava 
Locality: NW i'/4 SW t/4 sec. 23, T. )9 N., R. 4 Eo, Hole No. 
54Wl39, Depth 1,200 feet. 
Megascopic Description: Near the bottom of the hole the diamond 
drilling intersected a black, essentially aphanitic rock with 
an occasional pinkish white irregular feldspar phenocryst. Areas 
of a greenish mineral were developed near or in fractures. 
· Microscopic Description: This section shows the rock to be aom-
prised chiefly of microl~tic feldspar, sericite and about 10 per 
cent hematite, which is a fine-grained prevasive filling. 
Occasional vugs are filled with calcite and quartzG Ass'6·ciated 
with these vugs is a development of actinolite and chlorite. A 
photomicrograph of the mineral celadonite accompanies the text. 
This mineral is found peripheral to an irregular feldspar .phen~-
cryst in a field of fine quartz and represents a mineral like 
the quartz, introduced at a date later than the main -consoli-
dation after flowage. Some pyrite has developed in the fractures. 
An opaque kaolin can be seen associated with the hematite. It 
is presumed that the hematite is pseudomorphus af'ter _ themagne-
tite which had deve.).oped earlier during format1·on. This is an 
altered tracbytic· rock with an interesting development of 
celadoni te. 
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Thin-Section Number: Mi-33 
Rock Name: Fine-grained Trachyte 
.. 
Localityt Nl\' 1/4 SW 1/4 sec. 23, T. 39 N., R. 4 E., Hole No. 
54Wl)9, Depth 1,165 €eet. 
Megascopic Description: A fine-grained, dark lava slightly 
different than that described at 1,145 €eet in this hole. 
Microscopic Descriptions A very fine-grained trachyte lava com-
prised mainly of feldspar and sericite with iron oxide comprising 
6 per cent of the total. It contains quartz-chlorite filled 
vugs. The feldspar shows faint albite twinning but has a large 
development of sericite and kaolin to make identification dif€i-
cult. A fine-grained version of the rock types described under 
previous numbers in this hole. 
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Thin-Section Number: Mi-)4 
Rook Name: Granite 
Localityl Bonneterre Knob, Bonneterre Mine of: st. Joseph Lead 
Company. 
Megasoopic Descriptions This hand specimen is an inequigranular, 
holocrystalline, sample comprised of' euhedral to subhedral min-
erals, with a f'lesh red color. 
Microscopic Description: The section shows a coarse but vari-
able textured rock, containing 30 per cent dusty orthoclase, 
coarse 1.0 mm, has 2.5 per cent clearer but f'lecked f'eldspar 
with an index just below quartz, in smaller crystals and patches, 
clouded with sericite (extinction angles up to 2.5°). About JO 
per cent quartz, coarse to f'ine, which shows, at high power, 
numerous inclusions. Two patches of diabasic textured laths · 
of' the f'eldspar showing extinction angles up to 2.5°. These may 
be inclusions or segregations. A little biotite has a deep gr~en 
color. A small zircon, some magnetite, also some tiny apatite 
is seen, with some secondary limonite. The biotite has altered 
to chlorite (penninite) in several places. A rutile grain was 
found in biotite. This is a normal granite with a number of' 
inclusions. 
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Thin-Section Number: Mi-35 
Rock Name: Porphyritic Rhyolite Veined by Granite 
Locality1 Bonneterre Mine of' st. Joseph Lead Company, Under 
High Stre~t, Bonneterre, Missouri. 
Megascopic Descriptiont A brecciated rock showing :fragments o:f 
porphyritic material. The specimen shows six distinct types; · 
1, pink veining of' granirte cutting 2, 3, 4, and .5, - and associated 
with a green actinolite and epidote alteration. Numbers 2, 3, 
~, and S include a black porphyry with coarse pink f'eldspars; 
a black porphyry w~th gray f'eldspars and green actinolite spots; 
and a brown f'elsite as well as a black porphyry with red feld-
spars and a green actinolization. 
Microscopic Descriptions The thin section shows all of' these, 
but not as clearly as to which is which in all cases. 1. A 
clear, ragged bordered patch in the northeast corne~ is the piok 
veining. It is 60 per cent granitic or s~mi-veinlike quartz 
and 3.S per cent dusty orthoclase, showing wavy banding semi-
parallel to the walls ~ith scattered grains of included actino-
lite and some sericite. Edges of' the area are rather ragged, 
tight, intrusive and e~sentially pegmatitic. 2. Top of' the 
section is a highly. silici:fied, sericitized., porphyritic rhyo-
lite showing 25 per cent :feldspar ghosts, heavily sericitize~, 
in a matrix of' clearly crystalline quartz, ·40 per cent, flecked 
with much f'airly coarse sericite. One clump of' strong actino-
litization is seen near contact with lo 3. This is a very fine-
grained, semi-perlitic lava, highly silicif'ied. This shows the 
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semi-outer polygonal structures noted in certain flowso Some 
dark flecking and a faint hematite st·ain is seen. This is 
probably the dark brown f'elsite. 4 and 5. These are variable, 
fragmental, possibly pyroclastic, and resemble pebbles. Notable 
round fragments are filled with black inclusions of' magnetite 
and contain patchy actionolite areas and ghosts of sericitized 
feldspars. This is an igneous f'ragmental f'low veined by peg-
matitic granitic rock indicating t~e granite intrusion into the 
· . rhyolite at this point. 
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· Thin-Section Number: Mi-)7 
Rock Name: Flow-banded Rhyolite Porphyry 
Locality: Mitchell Knob No. 8 Mine, st. Joseph Lead Company 
Megascopic Descripti~nl A dense, blue- black, aphanitic ground-
mass contains pfnk feldspar phenocrysts in a rough alignment 
with the very apparent flowage lines accentuated by the develop-
ment of' lighter bands. Some of·the feldspar is visibly kaolinized. 
Microscopic Description: A holocrystalline rock with an aphanitic 
ground.mass and phenocrysts of quart~ and feldspar. The section 
shows that intergrown feldspar and quartz has apparently developed 
in cavities within the flow. There are corroded feldspar and 
orthoclase phenocrysts which were much affected by the original 
melt. A slight development of' chlorite and epidote with an 
invasion of secondary carbonate is seen. The quartz appears .to 
be of' two ages1 one the fine-grained groundmass1 the other the 
ragged embayed phenocryst. Apatite needles and hexagonal sec-
. 
tions can be seen. Magnetite is present in the form of angular 
and rounded individuals. The phenocrysts developed in a very · 
corrosive melt while yet :fluid. 
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Thin-Section Number: Mi-38 
Ro.ck Na~el Rhyoli te Flow Breccia · 
Locality: Mitchell Knob as Shown in Plate V of this Area. 
Megascopic Description• A dense, aphanitic, blue black ground-
mass with larg~. pink feldspar phenocrysts in alignment appar-
ently as the result o:f :flowage. Smaller pink phenocrysts are 
randomly oriented through the groundmass. 
Microscop:tc Description: The ground.mass represents the end 
product o:f devitrification of a glas, now a fine mesh of 
orthoclase. Corroded, albite f'elds.par phenocrysts are associ-
ated with quartz which has eaten into them and is itself 
embayed. The albite also contains a large development of 
sericite included within the :feldspar and assimilated in the 
quartz. Orthoclase phenocrysts also show corrosion and the 
effects of sericitization. Flow banding is apparent, with 
rolling o:f some already :formed feldspar indivi~uals. Horn-
blel)de in the :form o:f small ragged individuals much altere.d 
to chlorite with hematite staining is present~ Some apatite 
can be seen included in the early feldspar. Fragments of 
already solid material were included in the flow. These 
fraB1Dents show flowage not necessarily aligned with the total 
flowage pattern o:f the rock. Some pyrite and magnet~te cari be 
discerned. A f'ragmental :flow breccia representing a near-surface . 
:flow with the ef:fects of sel:f stoping. 
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Thi.n-Section Number! Mi.-39 
Rock Name: Flow Rhyolite 
Locali.ty: Mitchell Knob Underground No. 8 Mine, St. Joseph 
Lead Company, as Shown in Plate V of this Area. 
Megascopic Description: A strongly, flow-banded, porphyritic 
rhyolite with pink feldspar phenocrysts and long accentuated 
flow banding is evident. The rock is a dark, gray black, with 
the :flow banding in cases a lighter color. 
Microscopic Description: The holocrystalline rock has a strong 
·:flow structure ~hich· is accentuated by bands o:f quartz and less 
_development o:f Cine-grained iron oxide. Less brecciation is 
seen than in the Mi-3J sample and this section was taken at a . 
lower depth in the :flow than the previous sample. Several micro-
pegmatic lenses are a result of flowage segregation. A few 
quartz phenocrysts are seen, but no amygdules filled with quartz. 
The albite and orthoclase phenocrysts are surrounded by the ~low 
structure . so evident in the rock. A deeper phase o:f a surface 
:flow. 
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Thin-Section Number: Mi-41 
Rock Name: Rhyolite Porphyry 
Locality! SE 1/4 NE 1/4 sec. 25, T. 40 N., R.) w., Depth 
1,563 feet. 
Megascopic Descriptions . A dark red porphyry with black magne-: 
tite patches. The rock has a conspicuous concoidal fracture 
and a dense hard appearance. A small carbonate vein cuts the 
specimen. Large orthoclase phenocrysts can be discerned. 
Microscopic Description: The section shows an abundance of 
quartz,phenocrysts a ·s wel1 as concentrated areas of' micrographic · 
_quartz and feldspar . intergrowths set in an aphanitic ground.mass 
of :fine quartz and some orthoclase. Abundant ragged patches of' 
magnetite, 40 per cent, are associated with leucoxene, with 
plentiful sphene and very plentiful coars~ patches of' barite 
along with the magnetite and sphene. These early originals are 
all cut by laths of' quartz and carbonate. Chlor~te f'llled with 
veinlets. A mineral~zed rhyolite injec~ed with silica and. a 
large amount of quartz. 
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Thin-Section Numbers Mi-42 
Rock Name: A Diabasic Gabbro 
Locality: NW 1/4 SW t/4 sec. 23, T. 39 N., Ro 4 E., Hole No. 
54W139, Depth 1,238 :feet. 
Megascopic Description: · A dense green diabasic textured dia-
base contains :fine lath-like :feldspar and interstitial, dark, 
:ferromagnesian minerals. 
Microscopic Description:· A section cut o:f this rock shows a 
lath-like plagioclase :feldspar with an index barely above the 
balsam and 40° extinction angles associated with a green horn-
blende which makes .up 4.5 per cent C!:f the rock, mostly little 
altered to chlorite~ However, one big phenocryst is altered in 
the center to chlorite and contains curious swor4-like blades 
of' an orthorombic carbonate and a :fringe . of small quartz grains. 
Elsewhere no quartz is seen but some sericite, with about a · per 
cent magnetite. This represents a sill or dike within the hole 
where so many other samples were taken at various levels. 
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Thin-Section Number: Mi-43 
Rock Name: Albite Diabase 
Locali ty1 ~1\T t /4 SW l /4 sec. 23, T. 39 N.-, R. 4 E., Hole No. 
54w139, Depth 1,207 :feet. 
Megascopic Description: The hand sp~cimen is a very :fine-
grained, microdiabasic textured greenish-black rock. The 
:fine :feldspar needles show an irridescent luster characteristic 
of labradorite. No other mineral can be identified surely in 
the hand specimen. 
Microscopic Descript.ion1 The . rock shows in thin section 50 per 
cent f'ine-grained, _diabasic textur~d albite. This albite has 
been attacked by sericite and saussurite. The :feldspar shows a 
rough ali.gnment throughout the section. An amphibole (hornblende) 
is present with parts fresh and parts w~ll altered to chlorite 
and magnetite. A very slight amount of' qua.rtz is present. · Some 
secondary carbonate is ia1so present. A :fine-grained bould~r 
of' a sill or low angle dike intrusive into the trachyte. 
Thin-Section Number: Mi-44 
Rook Name: Traohytic Lava 
Localitya NW 1 / 4 SW 1 / 4 sec. 2 3 , T. :39 N. , R. 4 E. , Depth 
1,206 feet. 
·Megascopic Description: A fragmenta-1 flow with larger areas 
.. 
of pink feldspar and an overall invasion of green epidote-
type material. An occasiona1 lath of fine :feldspar is :found 
in the aphanitic, dark ground.mass~ 
Microscopic Description: A porphyritic rock with notable large_ 
1.0 to 2.0 mm long phenocrysts o:f_orthoclase, which are strongly 
roundish outli~es as if they had been partially resorbed. About 
1..5 per cent of the ground.mass is trachytic and :feldspathic, but 
one half is irregularly and strongly epidotized and also con-
tains a green hornblende, part of whi_ch may have replaced :feld-
spar and i ,s itself epidotized. One small patch in the corner 
is green hornblende and fine quartz. One of two patches is 
high in magnetite .grains, much scattered sericite and some 
chlorite. This represents a trachyte lava, silici:fied • . 
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Thin-Section Numbersa Mi- 58, 59, 60, 61, 102, · 103, 104, & 10..5 
Rock Names Granite Aplite 
Localitya This rock is exposed in the_ Hayden Creek Mine of' 
the st. Joseph Lead Company. It underlies an area 
comprising portions of' Sections 7 and 9 in T. 36 N. , . 
' . 
R. 4 E., adjacent to the boundary of St. Francois 
and Washineton counties. The nearest surf'ace exposure 
of' igneous rocks is located in Section 30, T. 36 N., 
R. 4 E., described in this report as Mi-79. 
Occurrence, The exposure is limited to two northeast trending 
ridges on the pre-Cambrian surface. The ridges are approximately 
JOO feet in elevation and have large boulder piles confined to 
their southern extremities. It is within these boulder piles 
that mining is now confined. The boulders are unsorted, angular 
to well rounded and are set in a matrix of sandy dolomite or 
dolomite. They show intense alteration extending from two 
inches to one :foot into ~he boulder. There are .two distinct 
boulder piles, separated by sediment of' Cambrian age, f'lanking 
the ridges. The ridges extend through t·he Lamotte f'ormation 
into the Bonne Terre f'ormation. These :formations show initial dip. 
Megascopic Description_: The apli te is salmon-colored, fine-
grained, bolocrystalline, sl~ghtly _porphyritic but mainly equi-
granular. The porphyritic texture is due to the greater develop-
ment of some of' the· quartz which, however, -has a maximum dimension 
of only 2 mm. In :fresh specimens the dark minerals biotite and 
hornblende can readily be identif'ied with the aid o~ a hand lens. 
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The boulders are ~ractured and commonly show three con-
centric alteration bands. The innermost usually not greater 
than two inches wide, is white due to the kaolinization of' the 
:feldspar. The sed.ond band, generally not greater than five inches 
wide, is dark gray because of' the presence of' pyrite. The third 
or outermost zone is bleached. These zones may be seen in the 
photograph on page ?8, figure ·25. 
Microscopic Descriptions: The nearly fresh rock consists of 
micrographic quartz and feldspar, some perthitic feldspar and 
disseminated shreds· of' cblorite, biotite partially changed to 
chlorite, and pyrite which make up less than 2 percent of' the 
rock. The inner altered zone contains less than 3 percent o:f 
dickite and more pyrite than in the fresh rock. Chlorite is 
absent in this zone. 
The dark zone is made up of' micrographic quartz and feld-
spar and more pyrite than is present in the inner zone, and 
large areas of' quartz aggregate. The average pyrite content 
is 15 percent of' the rock. 
The outer bleached zone shows the same micrographic tex-
ture, however, it is h~ghly impregnated with calcite and dolo~ 
mite and contains less pyrite than the dark zone. 
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Thin-Section .Number: Mi-6:3 
Rock Namel A Mineralized Rhyolite Porphyry 
Localityt T~ 41 N., R. 2 W., Hole No. 54W90, Franklin Co., 
Sullivan Sheet. 
Megascopic Descriptions The specimen shows a dark red aphanitic 
groundmass with two types of feldspar phenocrysts1 one green 
epidotized, ragged, ·1arge ind:lvidual, 1.0 mm, and the other 
smaller pink subhedral orthoc1ase. Some small quartz.pheno-
crysts and some magneti_~e. 
Microscopic Descrit~ionl The section shows coarse phenocrysts 
(20 per cent) which are largely orthoclase, slightly zoned, iron-
stained lightly on the outside and altered to sericite with some 
epidote. Zoisite on the inside. Most shapes quite ragged ·and 
suggest possible fragmental origin, but _some good euhedral ones 
probably are genuine phenocrysts. Groundmass, fully devitrified 
with slightly polygonal texture·, is fine-grained quartz and f"eld-
spar with concentrated fine magnetite and occasional larger · round 
ragged spots and some pyrite. Most notable feature is the 
presence of numerous greenish clots in a ground.mass comprise·d 
of' chlorite, altered from biotite. These plus quartz and fluor-
ite are ~econdary minerals, Many clusters of sphene and concen-
trated carbonate are seen with occasional euhedral• large zir-
cons. The calcite is 1·ncluded in· skeletal outl.ine of" good twin-
ning lamella and no~ as late as the chl6rite or as late as the 
introduction of the magnetite. Orientation ·of sericite in feld-
spar cuts the side pinacoid aligned to the prism. This .is a 
rhyolite which has undergone 1ate stage mineralization with intro-
duction of f"luor~te, vein quartz and magnetiteo 
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Thin-Section Numbers Mi-'74 
Rock Name, Trachyte porphyry 
Locality: Sec. 24, T. 38 N., R. 1 w., . part o:f the igneous ex-
posure at the northern extension o:f Little Pilot Knob. 
Megascopic Description: · A dark aphanitic groundmass contains 
green porphyritic :feldspar phenocrysts and some magnetite. The 
feldspar is euhedral and probably saussuritized as is indicated 
by its green color. No quart~ is visible. An occasional xeno-
lith o:f similar rock material is present. 
Microscopic Descr~ption: The section shows a holocrystal1ine 
rock with phenocrysts o:f saussuritized albite. The matrix 
consists o:f :fin.e :feldspar with a trachytic texture. The rock 
shows -considerable :fracturing. Some o:f these :fractures are 
:filled with vein type quartz but these make up a very small 
percentage o:f the rock. Much uralitic hornblende in coarse 
crystals, largely altered to penninite, is still present1 c6n-
siderable magnetite is also present. Some epidote and apatite 
are :found in the matrix. A pyroxene with a 2V o:f 48°, extinction 
angles o:f 34°, as measured by the universal stage, is shown to be 
a low calcium augite. The plagioclase shows the Carlsbad twin_-
ning, usually quite simple, ass~ciated with the albite type 
twinning showing maximum extinction angles in the zone perpen-
dicular 010 X 010 o:f + 30° (labradorite). The groundmass con-
tains potash £eldspar as well as the andesine. 
161 
Figure 38, Secondary Magnetite and Apatite 
in Hornb1ende. 
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Thin-Section Numbers ~'!i-77 
Rock Names Rhyolite porphyry 
Locality, SW 1/4 sec. 28, T. 3? N., R. 4 E., Switch-back Knob, 
Hole No. 4JL1249, shown in Map Plate No. v. 
Megascopic Descriptiont A flesh red, generally aphanitic rock 
contains ligh.ter pink :feldspar phenocrysts, which make up 20 
percent o:f the rock. Darker :fine bands are present probably 
representing :filled :fractures. 
Microscopic Description: The ground.mass consists of' a very 
fine grained mosaic of quartz and feldspar. Within this ground-
mass are euhedral albite phenocrysts which were :fractured and 
recemented without altering the position o:f the twin striae 
and show their ready corrosion by the fine grained ground.mass, 
with the observation that the groundmass becomes coarser where 
the corrosion has taken place. Perthitic :feldspar individuals 
are fractured and badly corroded and contain some :Cine quartz. 
Apparently a fragment of' already crystalli,,.ed material was in-
eluded. This :Cragment consists 0£ interlocking albite needles, 
ranging in size :Crom very small to several mm in length. Termi-
nation is ragged. Fractures are :filled with mosaic quartz· o:f 
a later age. Some of' this mosaic ~uartz has invaded large 
feldspar phenocrysts (albite), which are fractured and dis-
located. Some opaque kaolin is p~esebt as well as magnetite. 
Several minute zircons can he seen and a few ragged flakes of 
· , 
epidote are scattered throughout the slide. The iron oxide 
apparently was f'ormed after the :feldspar phenocrysts. A rhyo-
lite showing the segregation of masses of already formed 
feldspar in a fluid melt. 
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Thin-Section Numbers Mi-78 
Rock Name, Rhyolite porphyry 
Localitya SW 1/4 S~c. 28, T. 37 N., R. 4 E., Switch-back Knob, 
Hole No. 43L1299, shown on Plate V 
Megascopic Description: A sparkly, black, dense, siliceous-
looking flow with scattered green epidote spots. It appears 
as though all o:f the original :feldspar phenocrysts had been 
replaced by a brilliant green epid.ote. 
Microscopic Description, The section shows resorbed quartz 
phenocrysts in a eroundmass consisting o:f 50 percent :feldspar 
needles and 50 percent feldspar and quartz in a fine agtre-
gate. Biotite phenocrysts and associated ap~tite, as well as 
magnetite, rutile and granular epidote are the major accessory 
minerals. Some perthitic feldspar, ragged, embayed and frac-
tured into broken :fragments are similar to a breccia. The 
major portion of the feldspars has ~een replaced by epidote 
and has an overall brecciated appearance. It would seem that 
epidotization occurred before a sedimentary cover e~isted. 
Tilis could be a hydrothermally altered rhyolite. 
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Thin-Section Numbers Mi-?9 
Rock Names Granite 
Locality: Sections 19, 20, 29, 30, T. 36 N., R. 4 E., three 
miles north of .Bismarck. 
Megascopie Description, A large granitic outcropwhich has been 
quarried unsuccessfully in the northern end for tombstones. 
The rock is a rather fine-grained. materi.al and only quartz, 
orthoclase and plagioclase are readily visible. Occasionally a 
fractured surface show~ hematite and massive quartz of a later 
probable hydrothermal stage. 
Microscopic Descrtption! A vermicula.r type of al.bite i .s intergrown 
with orthoclase. Patches of feldspar contain quartz and patches 
of quartz contain ~eldspar. From the inter~rown structures 
present it appears that the eranite was nearly consolidated 
but all of the early minerals had not had ti.me to exsolve the 
foregoing material before it was cooled. Had the cooling process 
come about sooner then a graphic intererowth would have ensued. 
The ground mass contains a slieht c.mount of' biotite pa.rtialli 
altered to chlorite occurring in irregular patches associated 
with magnetite. Pyrite is present but not abundant. Tiny 
apatite and. sphene crystals are sparsely distributed in the 
rock. Some sericite has been :formed as an alteration product 
of feldspar. 
"J.65 
Thin-Section Numbera Mi-80 
Rock Name: Porphyritic rhyolite flow 
Locality: Sec. 20, T. 36 N., R. 4 E., Cedar Creek and Hughes 
Mountain. 
!-'!egascopic Description! ., . porphyric. rock possessing a definite 
flow structure and consisting of intcrfingered reddish brown 
(salmon) pods of microgranitic texture and grayish brown masses 
of aphanitic texture. The pods are eloneated by flowage. They 
have crystalline quartz centers, while orthoclasc~. j_s more plenti-
ful near the margins. Fluorite and barite can be found quite 
plentifully in some pods. The phenocrysts consist of sal.mon-
colored orthoclase. not longer tha·n 0 • .5 cm. They make up about 
S percent of the rock. Quartz is not visible to un~ided eye. 
Microscopic Description: A section was cut to include one of the 
microgranitic pods. It consists of two distinctly different 
phases a 1). A very fine-grained feldspar and quartz phase con-
tainine subhP-dral albite and containing :flowbands of slightly 
more cryst~lline quartz, together with randomly d~stributed 
perthite and orthoclase phenocrysts. 2) The included micro-
granitic phase ~. is a micropegmatitic mixture of quartz and 
orthoclase pr:i.sms. The centers o:f these pod-like segregations 
are filled with quartz, while the earlier orthoclase crystals 
£ormed on the edges. $mall amounts of chlorite and titani£erous 
magnetite are present throughout the rock. · 
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Thin-Section Numbers ~i-81 
Rock Name: Porphyritic rhyollte flow 
Locality: SW 1/4, NE t/4 Sec. 28, T. 36 N., R. 4 E., Hughes 
Mountain. 
Megascopic Description: This is a brownish-red flow possessing· 
light creamy white :feldspar phenocrysts and an occasi.onal 
segregation o:f microgranitic material. Some lighter colored 
:flow bands composed mainly of quartz cuts the groundmass. The 
feldspar phenocrysts in . some instances show good albite twinning 
stria.tions and are probably rather :fresh. This section repre-
sents a deeper portion o:f the sam~ :flow described in Mi-80. 
Microscopic Description: Microscopic examination o:f a thin-
section o~ the rock reveals a very :fine-grained, devitrified 
ground..'llass o:f quartz and feldspar completely aligned in :flow 
bands. The :feldspar phenocrysts resemble islands in a_ stre.am 
with the aphanitic material swirling around them and filling 
in the eddies behind. The orthoclase tends to be euhedral and 
only slightly sericitized. Less than 1 -percent of the rock 
consists o:f chlorite and muscovite shreds. The :f1owage is 
accentuated by bands of feldspar and mosaic quartz and by a 
development o:f opaque hematite and kaolin. 
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Thin-Section Numberl Mi-82 
Rock Name: Granite Porphyry 
Lo ca 1 it YI NE 1 / 4., NW 1 / 4 Sec. 1 O , T. 3 5 N. , n. 4 E. 
Megascopic Descriptions This is an inequigranular, holocrystal-
line rock with a salmon-pink color. It contains auh~dral 
feldspar up to 0.75 cm. lone and glassy quartz phenocrysts up 
to 0.3 cm. in diameter, set in a finer grained granular ground-
mass. It is gradational from a granite porphyry to a granite. 
It may represent the core of the nearby rhyolite flows and may 
be the source area ·-for the flow. ·The mineralogical composition 
is similar percentagewise to the porphyritic rhyoli.te. 
Microscopic Descriptions This is an inequigranular rock con-
sisting of a matrix of anhedral, granular, intergrown feldspar 
and quartz in which are set phenocrysts of' :feldspar and qu~rtz. 
About 5~ o:f- the :feldspar phenocrysts a.re microperthite; the 
microperth:i.te is periphal to the other types of' f'eldspar. 
Biotite, magnetite and minor amounts of.limonite occurrine on 
the margin of' mineral grains are the minor accessories. Both 
quartz phenocrysts with zonal feldspar development around them 
and :feldspar phenocrysts with minute zonal quartz grains around 
them are present. All of the individual phenocrysts, regardless 
of mineral type, are s~rrounded peripherally by a later growth 
of another minera1~ which is always in the·f'orm of' tiny separate 
anhedral crystals. 
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Thin-Section Number, Mi-83 
Rock Names Rhyolite porphyry 
Locality& Sec. 29, T. 36 N., R. 4 E., the northeastern portion 
o:f the :flow adjacent to the granite porphyry in Mi-82. 
'.Megascopic Description: The rhyol.ite porphyry contains a large 
number of feldspar phenocrysts set in a :fine-grained, grayish 
brown matrix. The :feldspar is euhedral and has a. :flesh red color. 
The :flow contai.ns angular xenoliths. 
Microscopic Descriptions Study o:f a thin section reveals a large 
number of subhedral orthoperthite and microcline phenocrysts, and 
areas o:f fractured garnet cemented by limonite. The phenocrysts · 
are :fractured and invaded by ground.mass indi.cati.rie considerable 
movement of the lava subsequent to initial crystalli~ation. 
The quartz phenocrysts are anhedral, embayed, and corroded, and 
partially resorbed. These resorbed quartz phenocrysts have· rings 
o:f :fine anhedral :feldspar so that all phenocrysts appear as 
neucleating centers ~or deviti:fication o:f the glass. It is 
probable that thP- rock suffered an increase in heat and thus 
caused the minerals in contact with the phenocrysts to become 
crystalline in the glassy groundmass prior to devitrifi.cation. 
There are a : few fractures containing quartz and rod-like ortho-
clase. A yellow, - nearly opaque leucoxene pervades the sample. 
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Thin-Section Numbers Mi-84 
Rock Names Porphyritic Rbyolite 
Locality, Sec. 6, T. 36 N., R. 3 E •• 1 mile east of Caledonia on 
Highway 32. 
Megascopic Description! The rock has a three-directional joint 
system, two at rj.ght angles, one at 45°, causi.ng a jagged 
appearance. This rhyolite shows no evidence of flowage, it 
contains a rather fine-grained, but definitely crystall~ne, ground-
mass and large rather raeged phenocrysts of feldspar up to 3 
mm. in size and ranging from a dark salmon to a flesh red. Some 
dark irregular masses of hornblende and magnetite are also 
present. 
Microscopic Description, The ground.mass is a fine-grained 
mosaic,principally of orthoclase and quartz with shred-like 
masses of chlorite, sericite and fibrous amphibole throughout. 
Magnetite, orthoclase and albite are dominant. The minor 
access.ories cons:t.st of apatite, chlorite, sericite, epidote, 
fluorite, zircon and biot~te. The rock is more crystalline 
than most flows •nd shows no flow structure. Its character 
is more indicative of an intrusive than an extrusive. 
170 
Thin-Section Numbert Mi-8.5 
Rock Names Rhyolite porphyry 
Localityl SE t/4, SE t/4 Section ~f, T. 36 N., R. 2 E., Survey 
3274. 
Megascopic Description, A red, :flow-b~nded aphanite with 
scattered phenocrysts o:f pink :feldspar a.bout 0.5 mm. across and 
an occasional rounded quartz. 
1'-Ticroscopic Description: The eroundmass is very :fi.ne-grained and 
presumably consists of orthoclase and quartz. The g~ains are 
aligned suggesting :flow structure with some patches o:f the 
groundmass more coarsely crystalline than others suggesting 
recrystal.lization. The phenocrysts within the rock are ortho-
cla.se and albite. They present a euhedra.1 to subhedral outline 
in general, but many are broken, shattered, and recemented. 
They are sercitized and. include chlorite. The :fractures, probably 
due to the shrinkage of ~he original rock, are £l11ed , with 
chlorite and radiating masses of chloritic, altered :feldspar. 
Feldspar individuals are corroded and contain worm-like quartz 
intergrowths. Chlorj.te and quartz occupy :fractures which cut 
across the rock. The :fe1dspar is partially altered to a nearly 
opaque white clay. Fine magnetite is partly altered to hema-
tite and to goethite. These iron oxides give rise to the color 
of' the rock. Some grairis are altered to leucoxene indicating 
the original presence of ilmenite or titaniferrous magnetite. 
An occasional dipyramidal zircon is present. Some calcite or 
dolomite occurs as a secondary mineral. 
Thin-Section Numberl !'-'li-86 
Rock Name, Rhyo1ite porphyry 
Locality1 SW t/4, NW t/4 Sec. 4, T. 36 N., R. 2 E. 
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~egascopic Description: A red rhyo1ite porphyry with a large 
number o:f euhed~a1 to subhedra1 fe1dspar phenoc~ysts set in a 
:fine-grained but n~t glassy groundmass. The s~mple, collected 
near the sur:face, shows kaolinization o:f the :feldspars as a re-
S'l:)1 t o:f wea theri. ng. The . rock weathers irregularly and does not 
seem to possess a joint pattern. 
Microscopic Descriptiona When examined j _ n thin section under the 
microscope, the rock may be seen to be holocrystalline inequigranu-
lar and to consist of intensely seri.citized albite and microperthite 
phenocrysts set in a mosaic interlockine; quartz groundmass. The 
najor portion o:f the groundrnass consists o:f microdivergent areas 
of quartz and :feldspar aligned in the direction 0£ :flowage, which 
is best broueht out through the sericitization of the feldspar.-
fhe groundmass appears to have cryst~.llized like :frost on a window 
?ane with similar patterns. The microdivergent groundmass may 
Jnce have been glassy and later devitrified with devitrification 
?roceeding outward :from_ many centers. The rock conta·ins small, 
lrregular vesicals filled with quar~z, as well as quartz pheno-
~rysts which are subhedral to rounded with much corrosion and 
~mbayment. Magnetite ~s present in a clay PTesumed to be 
Leucoxene and shows 1imonitic alterations on the border. 
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Thin-Section Number: Mi-87 
Rock Names Rhyolite porphyry 
Locali.ty1 NE 1 /4, NE 1 /4 Sec. 9, T. 36 N., R. 2 E. 
1-·!cc-ascopic Descriptiont This specimen is a :flow-banded rhyoli te 
porphyry containine :fragments o:f rock similar to that o:f the rest 
of' the f'low. The rock contains a larger amount o:f both quartz 
and :feldspar phenocrysts than that at localities to the north-
east. The fragmental inclusions are prominent, althoueh they are 
like the non-~ragmental portion o:f the rock, the feldspar pbeno-. 
crysts in the :fragments are not al:i.gned to the direction o:f 
:flowage in the body of the :flow. About 35 percent o:f both :feldspar 
and quartz phenocrysts are aliened in the direction o:f f'lowaee. 
Microscopic Descriptions This is a holocrystallj_ne, i.nt:~quigranular 
rock with a very :fine-grained ground.mass . o:f orthoclase and 
quartz. Phenocrysts are present as islands in the :fine-grained 
eroundmass which has swirled around the jaeged edges and dipped 
into the embayrnents of the phenocrysts. In the groundmass are. 
euhedral to rounded qunrtz phenocrysts which . are embayed and 
corroded. These phenocrysts are fractured and the fractures are 
filled by the groundmass. ~uartz also occurs with radiating 
orthoclase individuals. The :feldspar phenocrysts consist o:f 
orthoclase, some albite, and kaolinized iron-stained microper-
thite. Specular hematite o~curs alone the grain boundaries o:f 
the :feldspars. The clay reported as kao1in ,.,or termed kaoliniza.-
tion o:f the feldspar phenocrysts is not the· mineral kaolin but 
rather the amorphous variety of clay known as allophane. This 
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clay can readily be checked since the index of allophane is 
less thnn the index of the feldspar and the indices of kaolinities 
is greater than quartz. 
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Thin-Section Number: Mi-88 
Rock Name, Rhyolite porphyry 
Lo ca.1 i. tya 'Nl1 t/4, SW 1/4 Sec. 31, T. 36 N., R. 2 E., northwest 
of' Belgrade. 
Meeascopic Desc_ription: This is a very porphyritic rock exhibit-
ine aligned pi.nk feldspar phenocrysts and sorr.e quartz pheno-
1 
. 
crysts in a purple aphanitic groundmass. 
Microscopic Descriptions The thin-section of this rock contains 
large euhedral to subhedral, badly kaolinized, perthitic :felds-
pars as well as fractured, resorbed ·subhedral and rounded quartz 
phenocrysts. The matrix consists of very :fine-grained q uartz and 
feldspar. The perthi te as well. as the eroundmass contain shreds 
of chlori teo Some of the feldspar phenocrysts show good carlsbad 
twinning as well as normal albite twinnin~. Some secondary 
carbonate, pyrite, and finely divided hematite, and some lareer 
angular hematite occu_r in the ground.mass. A lenticular pod of' 
micrographic feldspar and quartz contains shreds of biotite . 
which probably is the original mineral :from which the chlorite 
was found. This section shows elongated cavities or amygdules 
filled with comb quartz and orthoclase similar to those observed 
in thin-section Mi-80, only on a smaller scale. Veins of' fluorite, 
quartz and orthoclase cut the rock. '.Minor accessories cons·j_st of 
small apatite individuals, titaniferous magnetite, and leucoxene. 
Thin-Section Number: Mi-106 
Rock Name: Spherulitic Rhyolite 
Locality: NE t/4 SW t/4 sec. 20, T. 35 N., R. 1 w., 218 feet, 
AMCO dril"ling. 
Megascopic Descriptions A flesh red ~o eray, equieranular 
aphanite composed principally of' feldspar. 
Microscopic Description: Feldspar accompanied by quartz has 
developed radially f'_rom s·cattered. nuclel. to build up spherulites 
ranging from a fraction of a millimeter to several centimeters 
i.n diameter. Spherulites can, in many instances, be ~hown to 
have grown after . the flow of" the magma had ceased; tha.t is 
after it hRd reached an essentially glassy condition. Since 
glass at ordinary temperatures is a metastable material, it is 
liable to crystallize with the passage of _time, especially if 
subjected to elevated temperatures. Persistent perlitic 
cracks give evidence of the glassy nature of the original 
rock. Fractures are invaded with iron sulfide and magnetite. 
Several chloritic splotches are present. Serieite has developed 
between some of the spherulites. 
Thin-Section Number: Mi-107 
Rock Name: Porphyritic Rhyolite 
Lo ca 1 i t y: N'..v 1 / 4 ~,w 1 / IJ, s e c. 2 5 , T. 4 O 1'T. , R. 3 W. , Su 1 7 , 
1640 feet. 
M~gascopic Description, A holocrystatline, inequigranular 
rock with a salmon pink ~olor and numerous phenocrysts of 
quartz and pink feldspar. 
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Microscopic Descrlption1 - The section is of a holocrystalline, 
~nequigranular rock containing coarse grained zonal albite in 
a fine grained groundmass of quartz ·and orthoclase. There are 
a number of orthoperthite phenocrysts with a raeged, resorbed 
outline. A fracture filled with pyrite and chlor:i.te cuts 
across the sample. There are a number of chloriti.c patches 
present in the groundmass. All ~of the feldspar phenocrysts 
are greatly sericitized. There is present in the rock a rather 
large development of ragged to euhedra1 large apat:l.te crystals. 
Some small epidote crystals may be seen as well as several 
small zircons. A number of patches of magnetite and a minor 
amount of sphene are present. 
· Thin-S.ection Number: Mi-108 
Rock Name: A Hornblende Biotite Granite 
Lo ca 1 it y: NW 1 / 4 J\TE 1 / 4 SW 1 / 4 sec. 1 2 , T. 3 0 N. , R. 2 E. , 
1600 feet, Hole No.,46W29, in an area known as 
Furnace Creek. 
. . Meeascopic Description. The rock is comprised of bolo-
crystalline, more or less equigranular, quartz, feldspar, 
biotite and hornblende and has a pink color with green 
phenocrysts of the ferro-magnesians predominant. 
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Microscopic Description: A holocrystalline, equigranular rock 
consisting of hornblende phenocrysts, assocj.ated with alhite, 
orthoclase and quartz, make up the rock. The hornblende con-
sists of subhedral and completely irreeular masses. The a.lbite 
is ~onal with many of the cores sericitized. Both the ortho-
clase and the quartz occur as suhhedral to euhedral minerals. 
Sphene, apatite and some tiny zircons are the only accessory 
minerals. There is associated with the biotite some chlorite 
alteration. 
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Fieure 39. Hornblende Biotite Granite 
Thin-Section Number: Mi-109 
Rock Name: Porphyritic Rhyolite 
_Locality: NW 1/4 NW 1/4 sec. 25, T. 40 N., R. 3 W., Su 17, 
1786 :feet. 
Megascop~c Descr~ption: Small muscovite :flakes are scattered 
throughout a :fine grain rock consisting essentially of quartz 
and orthoclase matrix. Numerous large zonal, euhedral, sori-
citized plagioclase phenocrysts are seen as we1l as several 
fine-erained orthoclase phenocrysts which a.re somewhat more 
rounded than the plagioclase phenocryst. Some magnetite is 
shot throughout the sample. Apatite, sphene and chlorite are 
the minor accessories. 
Microscopic Descriptions This specimen is a holocrystalline, 
inequigranular rock with a :fine-grained groundmass o:f quartz 
and orthoclase. The rock contains a laree number of pla.gio-
clase phenocrysts having extinction anal~s of 26° and a gen-
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erally conspicuous zonal development. The . cores of these pheno-
crysts are more sericitized than their perpbirals. There is 
also present a number o~ perthitic intergrowths and an occa-
sional individual of orthoperthite. Several somewhat smaller 
microcline phenocrysts having a generally more rounded appearance 
than the plagioclase are present in llhe fine-grained eround-
mass. Several per ce~t of magnetite and an odcasional pyrite 
individu~l is scattered through the rock. Associated with 
this magnetite is some slight development of chlorite. The 
minor accessories consist of a few small sphene individuals, 
a little ragged apatite, some flaky muscovite and one tiny 
zircon crystal. Within the :fine-grained. -groundmass there 
j_s a development of' submicrographic intergrowths of feldspar 
and quartz. 
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Thin-Section Number: Mi-115 
Rock Names Syenite Porphyry 
Localityl NE 1/4 SW 1/4 sec. 3, T• 36 N., R. 1 E., Hole No. 
,54Wt 14, 1068 feet. 
Megascopic Description: This rock is a holocrystalline, in-
equieranular rock with an overall dark gre~n color and a sub-
diahasic texture. The rock shows. numerous, dark black mag-
netite grains and some sectile, green biotite. 
Microscopic Description: An examination of the thin section 
shows that the rock is comprised primarily o:f laree ~.lbite 
ph~nocrysts with interstitial areas containing euhP<lral to 
anhedral magnetite erains, biotite and hornblende. Feldspar 
shows the result of sericitization and saussurj_t:i1:ation. 
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Some of the feldspar contains magnetite and hornblende orient- -
ed in a cleavage parallel to b. The edges o:f the once euhedral 
feldspar crystal~ are now ragged and invaded hy the hornblende 
and maenetite. Some of the feldspar laths present are ortho-
clase and are not nearly as badly altered as the plagioclase 
phenocrysts. In a number of places the magnetite appears to 
have replaced another mineral and assumed th~ outline o~ the 
previous mineral. It is probable that ·this rock has su~fered 
from recrystallization. 
Thin-Section Number: Mi-122 
Rock Name: Tuff' 
'Localitys SE 1/4 sec. 26, T. 3? N., R. 1 E., SH 41, Hole No. 
55w10, 1081 feet. 
Megascopic Description: The uppermost sample in this hole 
which shows calcite veining with the calcite veining cut by 
quartz at a later date. 
Microscopic Description: This section sho_ws the · very frag-
mental tuff' with at least 20 per cent ~f fine-grained 
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hematite in the f'orm of needles, pseudomorphs after magnetite, 
and irregular patches. The irregular fragments, 1 mm. or less, 
tend. to show an alignment of' m:tneral grains but the fragments · 
themselves are not aligned. This sample is very much like 
Mi-119 and Mi-120 except that there is a larger development 
of hematite and large patches of' calcite can be seen. 









26, T. 37 N., R. 
feet. 
1 E., SH 41, Hole 1'To. 
.A sample cut to show the effect of' 
alteration in the proximity of quartz veining of the par~nt 
rock. 
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Microscopic Description: The eroundrnass of' what was origina·11y 
a rock of' similar character in those described in Mi-119 and 
Mi-120 has now been invaded by quart7, ·veinlets which ha.ve 
partially caused the devitrification of' the groundmass and have 
included orthoc1ase and quartz intergrowths along the boundaries 
of' the quart~ veining and introduced into the groundmass. 
A number ~f' small angular quartz individuals can be seen. There 
is no irregular fine-grained hematite present as in the previous 
·samples, however, the now more crystal 1 t ne groundma.ss is shot 
through with ma~neti te · indi.viduals. Some small needles of' 
epidote are present as well as an irregular mass o:f rutile. 
Several small apatite individuals can be seen. ThP. large quartz 
vein which cuts the rock can be seen to contain xenoliths 0£ 
the f'ragmental groundrnass and some chlori.tic patches. 
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